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SECRETARY  OF  THE  SMITHSONIAN  INSTITUTION, 


The  annual  report  of  the  Board  of  Begentu  of  the  Imtitution  for  the  year 
ending  June  30, 180C. 


Smithhoniam  Institution, 

WaAingtoa,  J).  C,  July  1,  1896. 
To  the  Gongreaa  of  the  United  States  : 

In  accordance  with  Hectioii  5593  of  tlie  KeviseU  statutes  of  the 
United  States,  1  have  the  honor,  iu  behulf  of  the  Hoard  of  K«;:etitH, 
to  submit  to  CuugresH  the  aimiial  report  of  the  oi>eratioti8,  ex|>Biid- 
itares,  smd  condition  of  the  Smithaoiiian  lastitutiou  for  the  year 
ending  June  30,  189t>. 

I  have  the  houor  to  hvi,  very  retipectfiUly,  your  obedient  servant, 
8.  ]'.  Lanulbv, 
Hecretary  of  SmithnoHian  Institution. 
Hon.  Adlai  E.  Stevenson, 

President  of  the  Henate. 
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ANNUAL  REPORT  OF  THK  SMITHSONIAN  INSTITUTION  FOR  THE 
YEAR  ENDING  JUNE  80, 1896. 


1.  Proceedings  of  the  Board  of  Begents  for  the  session  of  J&nuary, 
1896. 

'2,  Report  of  the  Executive  Committee,  exhibiting  the  financial  affairs 
of  the  Institution,  includiug  a  statement  of  the  Smithson  fund,  and 
receijitH  and  expenditures  for  the  year  eudiug  June  30, 1890. 

3.  Animal  re|>ort  of  the  Secretary,  giving  an  account  of  the  oiiera- 
tioiis  and  condition  of  the  Institution  for  the  year  ending  June  30, 1896, 
witli  statistics  of  exchanges,  etc. 

4.  General  appendix,  couiprisiiig  a  Helection  of  niisct^llaneous  memoirs 
of  interest  to  collaborators  and  correspondents  of  the  Institution, 
teacliers,  and  others  engaged  in  the  promotion  of  knowledge.  These 
memoirs  relate  chiefly  to  the  calendar  year  1896. 
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THE   SMITHBOniAK  INSTITUTIOIT. 


MKMBEKS  EX  OFFICIO  OF  THK  "KSTABLISHiMKNT." 


GROVER  CLEVELAND,  Prenidont  of  the  United  SUtes. 

AULAI  E.  STEVENSOM,  Vir«-PreNideiit  of  the  United  Statefl. 

MELVILLE  V.-.  FILLER,  Chief  Jualire  »f  the  llnil^  Staton. 

RICHARD  OLNEY,  StMiretaryof  State. 

JOHN'  G.  CARLISLE,  H^cretary  of  the  Treaanry. 

DANIEI^  S.  I.AMONT,  f^irelary  of  War. 

JlJIt^ON  HARMON,  Attornej-Oeneral. 

WILLIAM  I..  W1I_S0N,  I'Mtmasbir-fJenerel. 

HILARY  A.  HERBERT,  Secretary  of  the  Navy. 

HOKE  SMITH,  titerfUnj  of  the  iDterior. 

J.  STERLING  MORTON,  Secretftry  nf  AKrieultam. 


EFXJENTS   OF  THK   INSTITUTION. 
(Lirt  Kivei.  on  the  f,dlowi.,g  page,) 

OFFTCEKS   OF  THK   INSTITUTION. 

SaMI'BL  r.  I.ANOLRV,  Hi'ifreiarg. 
Dirfctor  of  tht  Im/itHlion  and  of  Ihe  V.  S.  yalioial  ifuu 
li.  Bkown  GouDe,  Attitlanl  .S«cr«lary. 
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EEGESTS  OF  THE  SMlTHSOyiAN   INSTITUTION. 


Bj  thr  organizing  act  approved  Angast  10,  IS46  (Revised  Statutes, 
Tiile  LXXIIl,  section  r>5.S0).  and  amended  March  12, 1894,  "The  husi- 
D«x«  of  the  institntion  shall  be  condacted  at  the  city  of  Washiogton 
by  a  Boanl  of  Kegenttt,  nametl  the  Regents  of  the  Smithsonian  Insti- 
totion,  to  be  comjMjsed  of  the  Vice-President,  the  Chief  Justice  of  the 
L'nite<l  Ktatcx,  three  members  of  the  Senate,  and  three  membeie  of 
the  HooBe  of  Kepresentatives.  together  with  six  other  persons,  other 
than  Members  of  Congress,  two  of  whom  shall  be  resident  iu  the  cily 
of  ^^'a8ht^gt4>n  and  the  other  fonr  shall  be  inhabitants  of  some  State, 
bat  no  two  of  the  same  State." 


RKr.E.STS  FOR  THE  TKAR  ESDtSG  jrXE  SO,  IS96.  , 

Tbe  C'bief  Joxticc  of  the  [aiteil  routes: 

HELVILLt:  W.  rULLKR.  elt^ted  Cbaui-ellor  mnd  Preaideut  at  the  BoMxl  Ju-    ' 
oary  9,  l»»9. 
Tbe  Vii-e-Preaiileatafthe  I'liitf^l  States: 

ADLAI  K.  STKVKNSON. 
L'uiled  States  Senators: 

JUSTIS  S.  MORKILL  (appointed  Feb.  2t,  1883,  Mar.  23,  1885,  And 

I>eo.  1.-.,  ISH) Mar.   3.1891 

SHKI.BV  M.  CILLOM  (:Lppoint*d  Mar.  Ti,  1885,  Mar.  2K,  1889,  ajd 

Iteo.  18,  IJO.1) Har.   3,1S»1 

<;F.ORCti-:  CiKAY  (appnititoil  t>ec.  I'D,  1892,  nail  Mw.  20,  1893) Har.  3,1899 

Members  of  the  Hdiisp  of  Repreaenbitives : 

.loSKPH  WHKKI.KR  <appohit^  Jan.  10.  lAKM,  Jan.  6,  1890,  Jan. 

1.5,  IKWJ,  Jan.  4.  IK!U.  nnd  Dec.  20.  1«»5) Dec.  22,1897 

ROBERT  R.  Hirr  (appointed  Ang.  11, 1893,  Jan.  4. 1894,  aoA  Dec. 

•jn,  189r.) Doc.  22,1897 

ROBERT  ADAMS,  Jr.  (:ippoint.'<1  I>e*-.  20.  18Ki) !>«!.  ZJ.  IWJ 

Citizens  of  ii  Stiite: 

JAMES  B.  ANC:KLI.,  of  Michigian  (appointed  Jan.  19.  188T,  and 

Jan- 9,  1893) Jan.  19. 1K99 

AKDREW  1).  WHITE,  «f  New  York  (appointed  Feb.  15.  1888,  and 

Mar.  19,  1«>4) Mar.  19,1900 

WILLIAM  PRESTOX  JOHX.sTON,  of  LouUiana  (appointeil  Jan. 

a6,1893> Jan.  26.1898 

Citizetts  of  WuHhiDKton : 

JOHX  B.  HKXDEKSOS  (appointed  Jan.  2B,  1892) Jan.  26,  ItOS 

GARDINER  (1.  HlBHAKDiiippoiotrd  Feb.  27,  1*15) Feb.  27, 1901 

WILLIAM  L.  WILSON  (appointed  Jan.  14,18961 Jan.  14,1902 


of  Ike  Bvurd  of  Rrgvntt. 
«M    L.  WiLSOH.  (jARPlKKK   G.  HUBBABD. 
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JOURNAL  OF  PROCEEDINfiS  OF  THE  BOARD  OF  REGENTS  OF 
THE  SMITHSONIAN  INSTITUTION. 


Annual  Meeting  of  the  Board  op  Regents. 

January  22,  18»6. 

Id  accordance  witit  a  resolntioii  of  tlie  Board  of  Begents,  iulopled 
Jail  nary  8,  18!>0,  by  wliicli  itn  ntated  annual  meeting  occurs  on  the 
fonrtb  Wednesday  of  Jannary,  the  board  met  to-day  at  10  o'clock  a.  m. 

Present:  The  Chancellor  (the  Hon,  M.  W.  Fnller)  in  the  chair;  the 
Vice-President  of  the  United  Stateit  (the  Hon.  A.  K.  Stevenson),  the 
Hon.  J.  S.  Morrill,  the  Hon.  S.  M.  Callom,  the  Elon.  Ueorge  (iray,  the 
Hon.  Joseph  Wheeler,  the  Hon,  K.  K.  Httt,  the  Hon.  Robert  A<laut8,.ir., 
the  Hon.  Andrew  1>.  White,  the  Hon.  J.  B,  Henderaon,  the  Hon.  Gardi- 
ner G.  Hnbbard,  tlie  Hon.  W.  L.  Wilson,  and  the  Secretary  Mr.  8.  P. 
Langley. 

Bscnses  for  nonattendance  were  read  from  Dr.  William  Preston 
Johnston,  on  accoant  of  illness,  and  from  ]>r.  J.  It.  Angell,  on  acconnt 
of  an  important  business  engagement. 

At  the  Chancellor's  snggestion,  the  Secretary  read  the  minntes  of 
the  last  meeting,  in  abstract.  There  being  no  objection,  the  minntes 
stood  approved. 

The  Secretary  then  annonneeil  the  following  reap|>ointments  and 
appointments  of  Regents: 

EEAI-POINTMEBTS. 

The  Hon.  S.  H,  Callom,  of  Illinois,  by  the  President  of  the  Senate, 
on  December  18, 1895. 

The  Hon.  Joseph  Wheeler,  of  Alabama,  and  the  Hon.  R.  R.  Hitt,  of 
Illinois,  by  the  Speaker  of  the  Hoase  of  Representatives,  on  December 
2«,  1895. 

The  Hon.  William  L.  Wilson,  of  West  Virginia,  by  joint  reaolntion 
of  Congress,  approved  by  the  President  Jannary  14,  lS9ti. 

APPOINTMENTS. 

The  Hon.  Gardiner  O.  Habbard,  of  Washington,  D.  0.,  by  joint  reso- 
lotion  of  Congress,  approved  by  the  President  Pebrnary  27,  ISD.I. 

The  Hon,  Robert  Adams,  jr.,  of  Pennsylvania,  by  the  Speaker  of  the 
House  or  Bepreseatatives,  on  December  20, 1895. 

c,„,,Go«glc 


'  ?W>r»EDI»R»  OP  THE  BOMRD  OF  KCKCBTS. 


J  in  the  Bncn- 

nr^  '  «nmir»^  --fpp-  -ttn.i.lr  nll«*  ,y  tfa«  adoption  rf  resohrtiooa, 
.uiii  -n-nvvai  'T'wtirr   arrrMinvmi  -ir  rnHiiwrng: 

•  *ri  -niiFioii.  "iif  :-r«H'iiTri»ns  T»*ir  wluptFiL 

-HHH.iiiiHti  -Vn^H.r  iiMi.ier^m  imt  di.?  -"^^rMary  a  ,-f>iBmitte«  todraft 
siiicaiit*-  >-«•».  nt:"i  I  ■^  S.-uiK«-  at9iii«[3(Hu  .in  behalf  of  the  eommittee, 
pn-<»nt**(  -lup  ■■.il.>w-iii£- 

■Vi.r,^  -ttr  Q-um-  .1  tb-  l«im  Ji  a«OT»  ..f  th.  :*outh««uM>  InatttaUon 
Mr.  :,.;...  ■»  B..I.  1  u^  .«uri  .1  "ii-ir  -..UfflMpu..  th,  [:.B>  Haory  (  ..pp^,  LL.  D., 
unii:i  -.rw.i.ir.i:    .(      .  ■■:  _u      niv.--,Hty,  ^i"  ^-nty  ;.■«■  a  Bei^wU  irfUie  lortiMtiM, 

;.^.i,„..    --^    H.     !.«,..   .t    l.-s-a»  ri-U  ^m-rtB  *,rB.w  in  tie  low  «f  one  .hoM 

.■-...(»...    "ij.     Ti    -II-    ivaiii   .«     >r.  I'.uipn- tJia  -^ichainiiaD  InatitDlioM  aud  tbe 

[.r-..>e«i  -uuii^I.T.  Ti.™,  jmiiui  "UfHii.  i.-U-«or«L  .U»iplia«l  miiHl.  Md  sin. 
,■,..>    i.viii-,.u-u    IIP   iiivi^-M.-..)  ^«  :ii>ci[UDunwilI  lMeTerr«iinBl>«Te4L 

•'■"• '"■    ""'i"'  '"■-"  -~»>i'iii'<iu-  'i«r«-.ni«i  in  ctlp.roonial  of  the  pro.-e«ding»of 

Mi»  U,..u^i.  uxi    Ji.H     'i-  ^^ C-rv  Iw  rw,  ri«ttr,l  n,  aen.l  ^•'^T  (u  (he  &intlf  of  their 

J,.|«r .»!  tHiu.  i,ii.-  iii-i  T-Pii.i   II  n.k-a  tt-  'vmpuiiij  in  cliw  eannoa  aSlietioB. 

On   niotii'ii.  rlif  -v-^'lnni'MS  wvre  aaanimiwsly  adopted  by  a  riBing 

I'ht'  ^vn-nu-.^  pcv<«;ar.-d  Iii*  aaaii:Ll  report  tor  the  fiscal  year  ending 
Jutu-  MK  l^iVi,  .*!!■£  ^;.t:  "  [  -iiay  sf-eafc  itf  the  U.-<t  year  as  <Mie  of  varied 
;iii.l  rrum':il  ^-civin*^  v»ltub  irv  .WtaileU  iatfaUre[H»t.  which,  however 
*Ui.K  ti..i  <Tv.T  S4.rii«  [«.[iir-i  I  .[esire  preseucly  to  bring  before  the 
Kei:<-i>ts.~ 

\ll.r.li-*u^M..,i  hy  the  K.'-:*'BCs  of  a  rei>orti  ap,>n  the  condition  of  the 
Awiy  t\nni.  tln'S«s-o'{ary  -^ti't:  "I  may  ask  tbe  attention  of  the  Regents 
to  lUi>  I'th't  tli.tt  tli<*  lUHt;;lkiii-<  futMi  [M-tzt^  have  been  awarded,  one  of 
whuli     tho  [■mui|«i»It>in'.ot#tiM'00 — was^reB  throagfa  the  American 

I'tt-i'iy  III  (.i>iui.iii  t>>  l-onl  KayU'j^h  and  Professor  Ramsay  for  thedis- 

roM'i>  (•!'  t*  iifw  t<)otiii-iit  in  tlie  atmosphere  -Argon.'  A  similar  prize 
).r  ,-.(»,iHHi  Ibmis  mis  Kivcii  u-^Mly  siniwltaneously  to  the  same  persons 
bv  llit^  liiHtihilo  «>!'  l''mtKtt.  The  second  prize  was  not  awarded,  and 
Hii'  llilitl  (ol  f  l.tHHii  \vii.i  KivfH  to  M.Varigny  for  the  best  popular  trea- 
lltt',  In  iii«'iiMlaiii'o  wiHi  thotenusuftheaaaonncement.  Morever,  three 
mIIm'I  iKiil  ilv  biiiiKi>  nititals  haw  lieen  awarded  to  the  laureatesout 
III  iii'iiil\  I  nil  till  ml  hmI  (Hnitt'.itants.  Ijettt'tshadbeennent  to  these,  witU 
Mii>  tliHMlt4  ut'  tlll^  liiNtiliilioii,  and  inviting  tliem  to  say  whether  they 
*'  |Ih>Ii  inrmitirn  ivninin  here  or  be  sent  back.  In  certain 
^Hii(bt(ic«i  wlili  the  (inggestion  made  last  year  by  Oeneral 
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Wheeler,  preparations  had  been  maile  for  the  pablicatioa  of  some  of 
the  more  nieritoriOQB  oues.  Sooie  of  them  exhibited  sach  care  and  pains 
in  the  preparatiou  that  it  waa  thought  desirable  to  give  some  kind  of 
token  of  the  appreciation  of  the  Institution,  and  menials  of  silver  and 
bronse  had  been  awarded.  These  medals  (of  which  the  Secretary 
showed  a  photograph)  were  now  being  struck," 

Mr.  Wheeler  ioqnired  if  it  was  the  papers  that  had  received  honorable 
mention  which  it  was  proposed  to  print,  to  which  the  Secretary  responded 
that  that  was  the  purpose,  save  where  the  authors  preferred  to  print 
themselTes. 

The  Secretary  went  on  to  say: 

There  lia«  probably  been  no  single  event  in  the  history  nf  the  InatitiitiOD  which 
h>a  diaim  more  atteDtion  ti>  it  abroad  than  the  aiinonncunient  and  awurd  of  thene 
prizes,  whioh  tb<<  Regents  will  reniemlH^r  ni^re  K'^'ea  in  acci>rdai)<:e  with  the 
ezprawml  deaire  of  the  daniu  that  such  might  be  nt  any  ritte  the  fimt  dixpoaition  of 
the  inctHoe  of  the  amount  eepecially  set  apart  by  him  fur  thu  study  of  thi>  atmos- 
phere. Having  done  tbie,  1  feel  thai  a  xort  of  pions  ilnty  has  lieen  B<'<-omiiliBhed  in 
folflUiog  the  iriahei  of  Hr.  Hodgkine,  but  while  the  money  ban  been  well  bestowed 
for  once  in  drawing  the  almost  universal  attention  of  the  si-ientific  world  to  the 
HodgkiuB  betjuBBt  and  to  the  Institution  and  thi<  fund  wbii'li  it  administers,  as  well 
•a  to  its  fitness  as  an  administrator  of  other  trusts  of  tliiH  rharacter,  it  may  be 
donbtedif  it  is  a  wise  policy  to  continue  the  giving  of  such  large  prizt-19,  which  have 
rarely  been  found  rfflcacions  in  stimulating  dimovery.  Iltilewi,  therefore,  I  am 
instructed  by  the  Regi-nts  to  do  otherwise,  the  inuome  hereafter  wilt  be  «p<-iit  in  itm 
cnitomary  channels  of  the  Institution's  activities,  through  the  aiil  of  invustigations 
in  regard  to  the  air  which  more  immediately  promote  the  Keuc'ral  welfare. 

The  large  amount  required  for  the  great  prize  to  which  I  b^vii  ulluded,  ami  wbicb 
ia  not  likely  to  b«  called  for  again,  has,  of  i-oarHe,  naturally  limited  the  application 
of  this  flind  to  the  aid  of  original  researi^h  in  morf  pnicticsl  ways,  which  1  hope  it 
will  take  hereafter;  bnt  I  may  mention  one  outctiiue  of  it,  a  valuable  iuvastigatiou 
by  Dr.  Weir  Mitchell  and  Dr.  Billings  in  "The  cumposition  of  expired  air.'' 

Gontinning,  the  Secretary  said: 

I  DOW  desire  to  bring  before  the  Regents  a  malt«r  in  vhicb  thi'y  may  wie  fit  to 
expmw  some  opinion. 

lie  fdndamental  actoreating  the  Institution,  in  enumerating  it«  funotioDS,  appar- 
ently ooDsideiB  it  first  na  s  kind  of  Gallery  of  Art.  and  declares  that  nil  oliji-ctsof  ari 
aad  of  foreign  and  curious  resaaicb,  the  property  of  the  Unitt-d  Stab-H,  uliall  be 
delivered  Ui  the  Begents,  and  only  afler  this  adds  that  objecia  of  natural  bistory 
■ball  b«  so  ah>o. 

The  scientifie  side  of  the  Institution's  activitifS  ban  l>oen  iu  the  past  ho  much 
greater  than  its  xsthetio  that  it  is  well  to  rtcjill  the  undoubteil  fiiit  thut  it  was 
intended  by  Congress  to  be  a  curator  of  the  national  art,  and  tbut  thiH  function  baa 
never  been  forgotten,  though  often  in  abeyance. 

In  lSi9,  your  first  Secretary,  Joseph  Henry,  in  pursunocu  of  thin  functiiui  nf  an 
loititntion  which,  in  his  own  words,  existed  for  "  the  true,  the  beautiful,  ns  well  as 
far  the  immediately  practical,"  purchased  of  tlie  Hon.  George  I'.  Marsh  a  cullei'tion 
of  works  of  art— cbiedy  eDgravinge— for  the  sum  of  93,000,  understood  then  to  be 
bat  a  fraction  of  Its  cost,  and  which,  owing  to  the.  great  rise  Id  tho  mnrhct  value  of 
inch  things  in  the  last  fifty  years,  does  nut  in  the  least  represeut  itn  value  to-day. 
It  is  impoesilile  tu  state  what  tbe  present  value  of  the  collection  Is,  without  an 
rumination  of  tbe  engravings  and  etchings,  but  eipiTts  that  1  havi'  coiiaulteil  say 
that  tbe  liao  in  all  good  specimens  of  engraving  and  etching  duriug  thu  forty-suven 
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Iiiii>i<hI1nI«1.\  aIVt  Ihotln- «t  thv  Inatilation,  io  16^,  doubt  iru  Tell  that  Uie  IraHil' 
lii||  wiM  It  I'ltirv  i>r  ulWx .  itnd  •  portion  of  tlie  oollection  nu  traufprml  ta  tlw 
l.llititi.v  i>l'('itn)tiiw-'s  kotl  in  l^TI  n>i<l  tK79  other  portioas  were  lent  t«  Ifat-  nevl] 
(I'lihtliHl  I'lirtHinui  Art  «IaUrr>.  Tbe  tnnafiT  tv««  with  tlieeiprau  BsderatAsilin; 
lli-i(  tl>p]r  ni'iii  then'  l\>r  di-poait  oul.v,  kud  to  bo  reclaimed  by  the  Bleats  Uu} 

A  pti|-l>«ii  ><(  lilt'  •■idUftiaa  i»  idt>Dtilird  b;  Mr.  Spofford  ax  in  the  chargiDriht 
I  lli(>in  itl  tlic  rnpilol.  pvrrpt  •  fvtt  volumeaand  etigr&vinKH  which  be  hopes  ta£«< 
III  lliu  lliiio  i>r  IhixtutiitiiElrMMfrr  to  Ibr  new  buildiug.  There  is  no  iinenionmailr 
til  iliH  r»i<<i>iitM  *'«llvr\  about  tbe  Tai't  of  the  eDgraviiigB  &ud  i-tchiog*  which thr; 
I Iviu-U 

Itt  » li'H  I'l  lb*  Ih.l  .<t  tilt"  nauiUK  «.  cnpinoy  of  the  new  Congressional  Libnn, 
(II  Hblib  II  !•  t'NiHvli'tl  ihal  nprvial  iiuartvra  will  Ui  ussiftned  to  the  Smith»iiiu 
id  |<M>II,  l"'tb  l»i  ot»r>i>)t  in  tin'  -■K«l  Stack"  of  its  uow  over  :tOO,(KIO  titles,  wd  of 
H  .'iilMlili'  i»i>ln  lltr  Ibi'ir  I'^xisulUtioii.  Mid  of  the  further  fnvt  that  the  CornHu 
ti-ilb'U  will  mI<"  ■>I"">1<  m»vi>  into  a  iieir  bnildiiiKi  I  have  tliouKht  it  oiighl  l« 
ilhi.|i<ili1ii  <i>i   I1i>>  IC>>iiviil~  l»  laKp  aotiou  bNtkiun  to  the  reclamation  vf  the  enpiv- 

IliU  biiililliiii  III*  'iii'i'  Invti  niadp  lin' proof,  and  Tec«Dt  uhaiigea  have  given  il 

liiiKiii"  III  iiiKi'v'U  i-niiiiK  (i>i  itiiv'  <»llo<'tiuua. 

fifiiiiliit  Uiit,\  KlH'tvil  tl)0  (iillDwiug  n'isolutioti,  whiub  was  iwloptod: 

I  I  .,<li .  il     I  ti-il  lli*>  t|il>'<llt>i>  '>)  Ihi*  pi><l<T>ety  nf  bnugiii);  tbo  worka  of  art  belong- 

I  Kit  III  (III'  lii>lltiitl><li  iiuiU"  1*     -i.tii^-  iiiiniHliale  control  of  the  Itoard  of  Begentfi  Ik 

H  li  hmMii  IIi<>  I'  ««><  ii<t>i' '  -'ii-ni  n»'  uml  the  S<rretary,  with  power  U>  act. 


vMii.n  Instil  Itt  i.>n  tiwuv  llie  dale  of  AaguNt  10, 1Bt6.  Tot 
1  Kvii  iiioIrT  •i>i)>idpralitm  how  best  to  ra-lebrate  tbueoDi- 
iKt'.^od  llwir.>ll<'rnasflillydiMusHe<l  in  IK^awilhlbf 
.r^.iik  .:ii;iv  .ti^)>r»cti.abK-  to  arranKe  for  »  gatheriOBof 
it<»  iKvi  ,|..tt<tv.>.  Miih  ;ia  iii«  often  held  ou  Bimilaraco- 
,4,  ,,lv'..»n  ><t  v«:ititi^  The  ■im)>lA->t  niid  must  eH'ectinc 
il<ti>  «ii>4t  -tt  •  nnil'bli-  nirimtrial  volume,  wbicb  ihonld 
..tH  i>t  tl->   InMilHl.on.  iti-  »r hievcmente,  and  its  ptisenl 

I  iKt.lA.  Ib<i<i>i<'(t^  inr  ll'.i-  pfTpantiou  of  such  a  volomg. 
iii'Nil  ••«<•>  )';><■«>. ^ii>M>l  Kii)>prviMon  has  been  intnuted 
iiitt  4  i>i<nii<oi  <\r)tri>-isn>.rm>DPiit  authorities  intheiiown 

>>,)  t,.  s-.iwi)i;>„ii'  Ki^n  lit  rh>|>ten. 


( III.  Hi  Mil  II 1 1  ■■ii.ihi'  iif  Hii'  i'..«.vl.*i;t,-j»l  fviMiiou  at  Naples,  ju  counec- 
Hiiii  Hllli  (tin  'I'ltltlii^  Nit|i)Hii(*<4l  l\\  l.tT^ii;!!  ]?i\-vriinients.  and  stated 
lliiil  III)   Mil'  |ii'Hllitii  itt    Ami'iiiMH  tiiihorsitios  and  scbolar^  he  Uad 
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paid,  ill  1893,  $1,500  for  the  uHe  of  Koch  a  Table  for  tliree  yearn,  the 
Nubscription  expiriogduriug  the  present  year.  He  showed  »  petition 
sigoed  by  the  leadiug  uaturalistH  of  the  country  aakiitg  that  the  Table 
be  contiDaed.  It  had  beeu  the  means  of  bringing  the  Institution  into 
closer  relationship  with  colleges  and  uuiveraities  throagbout  the  coun- 
try, and  he  was  favorably  incliued  to  the  action.  It  was  mentioned 
now,  not  as  needing  any  additional  sauctiou  from  the  Kegeut>t,  but  to 
recall  a  matter  of  some  iionsible  interest  to  them,  as  the  Institntion 
stood  in  this  case  in  the  same  position  as  that  ot»;upied  abroad  by  the 
govemmftuts  of  soch  countries  as  Uermany  and  Italy. 

THE   NATIONIX   HU8BUM. 

The  Secretary  resuine4l : 

1  do  Dut  think  I  have  occiuiuD  to  sp«ak  at  leogth  to  the  Regenta  ahoilt  the  inter- 
aaU>  of  the  differeot  GoTernment  biilvaiiB  undiir  their  cure,  further  than  I  liave  so 
tally  ilone  in  the  rejMtrt,  but  in  regard  to  the  u««d  of  ]ar)^r  ijiiurtiTa  for  the  MuKum, 
and  the  doagerooa  oboracter  of  the  sheds  uhmI  fur  storage  piiqiuees  iiuujedi»t«ly 
oDdtt  the  windoTrtt  of  the  SuiithiioDiaii  ballding,  I  oak  the  piirtirulur  atleatiou  of 
the  Begenta  to  the  aigiiilicaiit  atatemeiit  on  page  5  of  the  i'0|)ort  that  no  iiiHUrance 
rompany  will  undertake  to  iuaum  these  shops,  the  property  of  ttie  Institutiou,  at 
less  Uuto  tea  times  the  ordiiiar;  rate.  They  are  under  our  walls,  almost  in  contact 
with  them,  and  are  a  ooDslaut  menace. 

The  Secretary  added : 

The  complete  remedy  is  to  bnild  the  neceaaary  iiaarters,  but  a  partial  remedy  is 
for  VoagrtMB  to  give  authority  to  lease  worehouiu-s  in  the  vicinity  fur  storage.  The 
prcaent  ODes  are  choked  with  matter  largely  iuflanimabie,  aud  the  couilition  can 
hardly  be  worne  or  more  dangerous  tliaii  it  is. 

Many  valuable  gift«  have  tiepn  received  daring  the  year.  A  cousiileruble  uuuiber 
af  important  acientidc  memoirs  huvo  lx>en  pabliaht'd,  and  uiany  more  are  iti  prepo- 
nttion.  Uore  money  and  room  are  urgently  neeiled,  and  the  lack  of  these  prevents 
the  proper  utilization  of  the  national  coMecliuus. 

Of  the  Bnrean  of  Etboology,  I  need  only  any  that  it  has  pro<'ee<led  in  itn  ordinary 
path  of  naefulueea  under  the  ethcieut  direction  of  M^or  I'owell.  I  have  myself, 
hotrever,  used  a  i^ertain  iineipeDiled  bulunce  in  Heniling  out  an  oxj>editian  under  the 
charge  of  Dr.  J.  Walter  Fenkes,  which  resulted  in  the  exploration  of  a  very  inter- 
eating  rnin  near  the  town  of  Motjni,  tlie  remaian  of  a  town  which  was  dustroyiHl  by 
hcstiie  Indians  before  the  lirst  visit  of  the  KpaDinrda.  This  is  tlio  Brst  careful 
ciploratiou  of  a  thoroughly  pre-Columbian  towu  sit<>,  und  the  collecttuiis  ulitiiined 
tfarow  much  new  light  upon  the  cuntoma  nf  these  ancient  iwoples.  The  colteotions, 
it  may  be  added,  are  of  great  intrinsic  value,  since  the  pottery  ia  the  finest  th.it  has 
rver  yet  been  eihnmed,  and  the  series  obtained  being  monograjihiu  for  a  s])ecial 
lacality,  is  unequaled  by  any  other  of  the  kind  in  the  world. 

I  have  also  autholized  another  ez]ieilition  to  invcatigate  the  .Scri  Judiaiis,  which 
hu  been  lately  conducted  to  a  aucceasful  issue  by  Mr.  Mc(ii-e. 

THE  BUSBAD  OF  IMTEBNATIUNAL  EXOHANtiES. 

The  Secretary  continued : 

The  Smithaonian  numbeis  in  the  records  of  its  E\chauf;e  Iturenii  iibont  34,(IOO<'or- 
re8|iondents,  aottered  over  the  entire  world. 

The  appropriation  for  the  aerrice  ia  $17,000,  and  in  wldilian  an  averaK«  "f  abont 
13,000  a  year  hoa  beeu  re(^eived  from  Government  bureaus  and  others  for  tranxporto- 


I  .-  ,..  •,  ...A,^    ...  .-i  Mjt^  -it  ••■'■  (.ViiMit-  i*  midvalilnl]]-  (be  laeM  KMaial  nie 

'•''  ■  I- •  f  ■*    -i    »■'    '-""!■<<•:  ir'iiiily  iif  aof  lar^  eapttal.  »««  •■elj  afttitt 

■-'■■'  "  •    ■'■  '••     ■►»  •■  ■<  •  .*  n'rtlil       Itiit  (-xnupaTativrlj  liii>  T-.ts  V  i^VK  anitn 

...    ..,  ,j    ^f..>...i   v...,    J    'X*.;  ■•inw  inrit  tj>  pi>)ii-e  the  put  acsd  kv|>  alirp  aod 

j1'      .- '"u    I..-  .-   *•*•    ••■■ti'fiit  P>i>>in|{  any  new  ones. 

( ...  1.1  „.  ,  ,  >       I..,.,  i.  ■>#  (I  ,t  tin-  (iiirk  wBfl  iiitrnili-d  ori^iBiJ'i'  fcr  a  s*tteo>l 
i-ii.  J   '.„.(,..    V  ^    1.  ,  ,™,»,,,|   iliai  tlie  prumiaent  fealarc  ■'(  il  vu  m  br  the 

111!  Jt'-ii'  -1''  "..«:  <,.  1.-  ■  . ,  J  vf  iti'<«*  irlui  i:kii  iriHneDCfl  lutfi<lslion  i»  Cooert^R,  kn 
)jji..;4i.>j>i  >i  lu-  j<  ..'^ii  vb  I"/*  'Vi  wlili'li,  )t  fie«iMB  to  me,  ought  Vt  ■■«  kaovv  to 
<  «j./n  ■!■  ui.'  i>y'.'  'J- <  w'.'K  ii>' M'iri- til  ri-llKVd  this  ttireateaed  eitiDi-tiod.  Hi' 
|j.j,.ii...j,^  ■  .[.IrfBX-  ■fc.  1  !■  •  /■  11.11  uiit  «f  tin-  jfririit  liodj-uf  bj^oli  whirh  otirr  roTetml 
ti^m  •■/i.'.i.i  (.1  -r  .i  «M,  II.  tii>  ti  JliiKDiiiiin  I'lirk.nndi-r  floTcmmFDt  mntral.  bat 
tJ.i  lj  m'  ii.'  i<  .!■  .»■  1  /  •■;  >.jii'i;/  iIi;|iJitIi'i|  tliiit  udIi-m  •ome  mcasorva  are  (akra  il 
1,  .luiii.M.pf  i»  a../  pv.!  w  .'(I  wi  Itia  mill  iif  tint  pr.rMept  j-ear.  Thffe  issBlDctudc 
[!,..,■  )..■(  ..[. -I  111  I  !-■«',/  111..  Zi,.,|.,((li  «|  I'nrk  apiiropriatioD,  t«  hoM  thoxe  to 
Irt  ». .  L  Lii  ^^  u->i  .i./t'.i,  (,i.j.ji4t),i  J  til  ilii'ir  Iriiiiiipiirtation.    None  b>*o  yet  occupied 

Ji|  i.pii  ( i..<  '"  ••"  "-  \-i—i<  ""•  irjirii.r«rr«ilt<)tliUi>rlo  the  Zoolocirkl  Pari 

1j,  It  u]ji.  I:  |j.u^  n.ir :  !•  Hi  »(.ji  1.  |.ii  III)  III  III  iirr  left,  the  final  eilinction  of  all  unJer 
i,i,niijii..ui  .i/jui('ii  '  j'«|;i  Iti.  »■  wuliniiily  hrrn.  may  Iw  looked  for  in  •  Teir months 

'iUf  iSi'<M'iid*>  (I'M-  (iiul  l.li«  lniu«'  or  I'uplHin  AiidersuD,  the  Snper- 
luu-iuUiii  1/1  llji-  1  .!JI..*^^.l»^  Cmk,  ^h  rolluws: 

Dbcicmiikk  Vi,  l«e. 

I  iju  tfiv  >""  i.'"i>.liiilU  lltlwlNH iiliiiiiltltr  l)LW>u  lu  the  Haydtin  Vall»y,ne*i 

>iiiil  Liiiiiil      Mj  r'nnliiifi  |>iii  III  ■  liiiM'  I'l'iiiirtwl  lh«  trniln  of  <«vetiil  auiall  bandi 

UhwIihk  Jli  tl'"'  •'" '"'  l"'ti'*l'i''  "ilii*riill  hiM  IxHii  liKlit  they  have  notBajpt 

Urmti  'liin-ii  Lu  il.ui  ii.iit""  "!'■•■  '  •'"  ii"l  ■nr""it  t"  be  itblo  to  get  an  accurate  eati- 
iiMiliiiil' lliai'  """»'"■*  )'i:ti'i'^  III"  luiMn  imilol' .luiiiiaiy.  1  hope  thi'r«  are  enongb 
rmiiiiJiiliiK  ("f  •  •""" '  "'  -"l't''>  '"I  »'""'  !""'<■  '""'  ""  ^''"y  C""  •>•'  inclosed  the  ooat 

«n..«ii,ui..»p."  «iiM".  ^'i*" "■ 

'I'lm  r«iii'"»i'""''    '''»""*'''  "*■  ""*'*|i"l '  llii'"l>"i({bterof  the  bison  recentlj 

(tiB,..r.'..i'l"',li'HrJii-Miy«"-'l"'l   1"iL,  111 tUiiUlnly.HeviTuI  liav«  lioen  killed.    I  feel 

prti'llv  inrLitiii  I''"''  '"'  "'  '"  '■'"'"'  "'"""  H'"  I'""!  '""'T  iiioiitbH.  I  have  now  in 
I'liMii'ily   III  lh«  MHi.Hlli"""'  «  '"""   >»1'"  «■"■>  ''"I'tntBil  in  piaaeaBion  of  th«  soalpi 
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I  made  »  pretty  thorough  tour  of  their  raiigo  iu  Ootobir  )ubI,  ftad  saw  very  few 
lignB-  I  am  inre  that  I  b&T«  heretofore  overestimated  their  numberH.  IdoHbtif 
1W0  ore  vrer  Ji/lf  remaining,  oud  theso  ^ill  nut  all  nintir  in  the  Huydsii  Valley. 
71i«y  iDcreaoe  bat  slowly  iiiider  the  beat  rondltloiu,  aD<l  here,  where  they  are  being 
anitanlty  punned  aad  where  the  winten  are  very  severe,  but  email  iDcreaae  cnn  be 
kioked  for.  Of  course  the  etooksde  receotly  erected  will  be  a  great  OMlstance  ia 
Iheir  |>ro(ectioii,  if  they  can  be  secured  within  it- 
All  of  the  aoimals  in  the  park  are  protected  properly  and  are  iuoreoaing,  iHrft  lAo 
ae^lian  af  Ike  bi*oii,  and  of  these  it  is  diffloDlt  to  predict  au  yet. 

Tbe  Secretary  reaumed : 

The  park  here  is,  however,  fullilling  its  functions  as  "  the  lungs  uf  the  city  "  and 
fi>r  the  ''instnictiou  and  recreation  of  the  people,"  and  uo  Iwtter  evidence  Is  needed 
lo  corroborate  this  than  the  crowds  which  cuastautly  visit  it. 

ASTBOPHYSICAL   OB»EBVATOUY. 

UoDcerniag  the  Astropliysical  Observatory,  the  Secretary  said; 

The  Kegenta  will  retuembcr  that  live  years  ago  it  was  resolved:  "That  if  an  appro- 
priation should  be  niiHle  by  Couf^eiui  for  the  niaintenance  of  an  '  as  trophy  si  cal 
observatory.'  under  tbn  direotinu  of  the  SiuithrioDian  iBstitution,  the  liegenta  will 
fipend  for  this  purpose,  trom  tnuueys  already  donated  to  them,  $10,000  for  the  con- 
Rtruetion  of  biiildingB  for  said  observatory,  whenever  a  eoitable  site  shall  be  desig- 
nated by  Congretts  and  obtained  for  the  piirpoee.''     *     •     • 

UwoD  then  anticipated  that  the  lirst  step  to  be  taken  by  C'lmgreM  iu  the  matter 
would  be  tbe  provision  of  a  Kuitabla  site.  Congress,  however,  saw  fit  to  make  the 
sppropriation  iu  terms  which  provided  fur  tho  eoieotitie  work  of  an  observatory 
already  in  progress,  and  in  order  to  utilize  this  appropriation,  which  would  other- 
wise have  ha<l  lo  be  returned  to  the  Treasury,  the  temporary  and  inadeinate  quarters 
in  the  sheds  immediately  behind  the  I^mithsonian  building  were  provided  in  1S90. 

I  have  bad  too  much  personal  concern  with  the  work  which  has  been  done  there 
not  to  perhaps  epeak  of  it  with  a  friendly  biax,  bnt  if  I  niay  believe  the  oxpresaioue 
of  men  of  science  competent  in  this  matter,  banlly  any  more  important  work  in  the 
spectrum  has  been  done  iu  the  rentnry  than  has  liei'n  going  on  and  is  Htitl  going  on 
bete  under  the  Kraithsonian  Institution,  though  under  snob  itisadvantageouK  con- 
ditions. 

Briefly,  this  reeearob  is  giving  us  a  knowledge  of  nearly  thrice  the  amount  of  the 
drtaits  uf  the  solar  euei^y  that  were  known  to  Sir  Isaac  Newton,  and  in  a  region 
which  remained  almost  uutouolied  since  he  lelt  it  nntil  our  own  day,  when  these 
rcaearches  took  it  up. 

Ah  has  been  stated  in  previous  reports,  there  is  an  element  uf  uncertainty  in  tho 
Tteults.due  to  the  fact  that  they  are  all  obtained  through  an  eiceasively  delicatt^ 
iustnuuent  which  registt'rs  minute  vibrations  set  up  by  the  snn,  but  which  alsorogis- 
len  (whether  we  will  or  no)  vibratloue  roming  from  l»c;al  cuuhi's,  snch  as  tho  tremor 
of  the  ground,  wliich  nlwaye  existe,  however  Imperceptililo  to  the  ordinary  aense,  iu 
ths  midst  of  a  great  city.  There  are  ways  of  discriminating  between  tbiwe  true  and 
falM  eifeets,  bnt  the  latter  can  hardly  be  eliminated  certainly  not  iu  very  many 
j'ratsof  labor — in  tfae  present  altogether  unlit  si  to,  whereaf  the  work  already  sketrhed 
out  eonld  be  pushed  to  successful  concluaiou  and  publication  iu  a  attigle  twelveuioiitb 
in  a  quiet  locality. 

In  view  of  the  delay  in  providing  a  situ  for  a  building,  the  {Secretary  hoe  already 
been  autbori/ed  by  a  subsequent  resolntion  of  the  Regents  to  expend  the  sum  of 
110,000  bequeathed  by  J.  H.  Kidder  and  given  by  Alexander  Graham  linll  "iu  direc- 
tions consonant  with  the  known  wishes  of  the  testator  and  the  donor,"  bnt  little  of  it 
has  been  nsrd;  and  nalesssome  remedy  Is  found  agsiiistthe  tremor  incident  to  this  bitd 
S1I96 II 


[  SOUD  OF  KEGENT8. 

■f  r^  ™  •  ■«»■  iiwtall»tiflo,m 
"»^  *■»•-,  "^li  M  on  th.  dJ 

*ie  lBi^li>e^  which  wU!  lie  of 


(be  Eiflrgtin 


>t  :  .^-  r  f.-;-.-'~^o  in-«-:-w  a«  r-t>iK  ■<^:be  Execs  live  Cora  mitta 
■n  •-•  i'  ^.  ~:-«  ,T«.'«*r'  ■»■»»  mi.KOM.  | 


OB  Am*]  TnreaAiug  Jute  30, 1897, 
V  •.■■—  i-i-.i-  «  :--  -«•  i»  .t  ae  ject-icwn.  M  b*  cxp^Mln)  by  the  iderlelu;, 
«  ;.i    ;x    •->   ••  ..     ::•   i^-^-i  if  .JBimitarr.  nv^  rulimattiim  ou  tile  pmtt  ot  1i»    , 

I'll*  >iM*:.ur>  ■■.ttB  rvuii  'tfrr^rs — 

^■-•'lu  .11  iijij^t-'t  iC  '-'•  ai.:r-k-i   iSoi: :iidoa's  College), Oxford, thanking 
{■!»,'  '-i-^  ;u.;uu  LCI- .»  -jtc  lit  ;;s  ^<u.'jijL-:UauasuMlasklDg  for  a  portrait  of 

b''vin  VIC  Ki'iT*;  I ■!;.£:« 'It'll  Of"  OrwU  Britain,  retontiug  thaaksfora 

b>->'«i  V'.s,  .J,  t.\  Wt;;::i^,  fwr  a  tvpy  of  the  resoInttoDa  passed  by  the 
KmivI  .'It  ;!u-  aoa:i>  of  L>c.  W^ll.-j^. 

Dioiv  N-iit^  uo  :'u,£-tli«c  bu^uitMS  Iw  voatt  before  the  board,  on  motion 
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REPORT  OF  THE  EXECUTIVE  COMMITTEE  OF  THE  BOARD  OF 
REGENTS  OF  THE  SMITHSONIAN  INSTITUTION 

Fob  the  Tbab  ENDma  June  30,  1896. 


To  the  Board  of  Regents  of  the  Smithsonian  Institution: 

Tour  Execntive  Conimittee  re8i>ectful]y  submitfl  the  folIowiDg  report 
in  relation  to  the  fauds  of  the  lostitutioii,  the  ni)propriiitioiis  by  Con- 
gress, and  the  reeeipts  and  ex|>eii(litare8  for  the  Sinitbsouiau  luHtitn- 
tioo,  the  United  States  National  Museatu,  the  International  Kxcbaiiges, 
the  Bareau  of  Ethnology,  the  National  Zoological  Park,  and  the  Astro- 
Physical  Observatory  for  the  year  ending  June  30,  1HJH>,  and  balances' 
of  former  years : 

SMITHSONIAN  INSTITUTION. 
Condition  of  the  fwnd  JvXy  1, 1896. 

The  amount  of  the  beqnest  of  James  Smithson  deposited  in  the 
Treasnry  of  the  United  States,  according  to  a<:t  of  (^ougrenH  of  August 
10, 1S46,  was  t5I5,169.  To  this  was  added  by  authority  uf  Oongress, 
Febmary  8, 1867,  the  residuary  legacy  of  Smithson  and  savings  from 
inoome  and  other  sources  to  the  amonnt  of  (134,831. 

To  this  also  have  been  added  a  bequest  ttoax  James  Hamilton,  of 
PenDsylvania,  of  $1,000;  a  bequest  of  Dr.  Simeon  Ilabel,  of  New  York, 
of  l-lOOj  the  proceeds  of  the  sale  of  Virginia  bonds,  $51,500;  a  gift 
from  Thomas  G.  Hodgkins,  of  New  York,  of  $200,000  and  $8,000,  being 
a  portion  of  the  residuary  legacy  of  Thomas  G.  Hodgkins,  and  $1,000, 
the  accumulated  interest  on  the  Hamilton  beqnest,  making  in  all,  an 
the  permanent  fiind,  $912,000. 

The  Institution  also  holds  the  additional  sum  of  $42,000,  received 
upon  the  death  ofThomasti.HodgkinSjiu  registered  West  Shore  Hail- 
road  i  per  cent  bonds,  which  were,  by  order  of  this  committee,  under 
date  of  May  18, 1894,  placed  in  the  hands  of  the  Secretary  of  the  Insti- 
tutioD,  to  be  held  by  him  subject  to  the  conditions  of  said  order. 
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»;.,»»,.>  i.fPT'P'N.lMJ'.u*:*'.  l-^* 57,0te.78 

1  u*:  'mU  Tt^:eiveil  from  tlie  Kale  of  puhlications.  from  repayiuente  for 
tniinht".  *;f'-. '»  ^*  I*  treniited  to  tUe  items  of  exi>eoditiire  as  follows: 

'il^J!!Z'S'.'.."^'Al^"^^^^^  '"-'S 

'^'-"* — ~      neiis 

,,    ,    ,         ,„.H  25.fB 

M^i^ir!  ;;::":;";^--'"-- m.r. 

•  \n  v\'U\\uu  U>  til"  "b"v.r  *lfl,:i^**  P"'''  '"■■  Minries  under  RCD^nl  rxpeoMs, 

til  !f  ■)  l:i  w^r"'  i>»i>l  ft'C  »^rvi<e».  viz.  *"i,115.T5  chargetl  to  bailding  sccoiiut,  163.66 

f   ''         1-  ji'i limit   pir^l  W  t«  Hodekins  fun'l  afioont,  flOO.OS  tii  library  acronnt, 

ri,tin"l'l« 'l!r r!*..r. h«  •««ui>t,  »l,t«j  U.  ipecial  pnbUcation.  •cc«nn»,  and  W75  to 

iHlw^lUo^'M  ct/llectloM  accmmt. 
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Eiehangeii «3,469.73 

IncidenUli 3,018.20 

Eiploratione 500.00 

ToUl 6,474.61 

The  net  expenditures  of  the  Institntion  for  tbe  year  ending  June  30, 
1896,  inclndiDg  $11,000  paid  for  prizes  awarded  from  tlie  HodgkiDs 
fund  in  accordance  with  the  recommendation  of  the  award  committee, 
were,  therefore,  ♦62,330,W>,  or  C€,474.61  less  than  tbe  gross  expenrlitures, 
$68,805.57,  as  above  stated. 

Alt  moneys  received  by  the  Smithsonian  Institation  from  interest, 
sales,  reftinding  of  moneys  temporarily  advanced,  or  otherwise,  are 
deposited  with  tbe  Treasurer  of  tbe  United  States  to  the  credit  of  the 
Secretary  of  tbe  Institation,  and  all  payments  are  made  by  bis  checks 
on  the  Treaearer  of  the  United  States. 

Tonr  committee  also  presents  tbe  following  statements  in  regard  t^i 
appropriations  and  expenditures  for  objects  intrusted  by  Congress  to 
the  care  of  the  Smithsonian  Institntion: 

DrtaiUd  ttaltmtnt  o/ diilnir$emmiti  froi»  appropriatunu  camnUted  bg  Ctmgran  to  th»  eare 
of  tkt  Smilktonian  Initilvlion  for  tke  fiieal  fear  aiding  Juiu  SO,  1S96,  and  from  balanoet 
offormtr  ytar*. 

IHTBRNATIOSAL  BXCHATJ0K3. 
BeodpU. 
Appropriatad  by  Congress  Tor  the  Hscal  jear  endiDg  Jnne  30, 1896,  "  for 
HpeiMcit  of  theByetom  of  mtematiooal  exrhftoges  lietween  thf  United 
SUtes  and  faieiga  conotriM,  audpr  th«  direction  of  the  SmitbsoDiati 
IiutitnlJoD,  iDolading  aalftries  or  compensatiaD  of  all  necessary  em- 
ptojMM"  (saodry  civil  aet,  March  2,  1895) JlT,O0O.00 

DMnrtemettU  frotn  Jala  1, 1895,  to  June  SO,  IS96. 
Varies  or  compensation : 

1  curator.  12  months,  at  9225 (2,700.00 

1  clerk,  14  months  5  day x,  at  « 160 746,67 

Icbiefclerk,  2mi>nths,  at$150 300.00 

J  J    l^jdmonths,  fttJ120 730.00 

16  months,  at  (130 780.00 

1  clerk,  2  months,  at  «100 200.00 

1 6  mouths,  at  985 BIO.  00 

iclerkjsj  months  9  da;B,  nt  991.66 531.63 

le  days,  at  $100 20.00 

,    1^,  16  months,  at  $80 480.00 

16  months,  at  »83 510.00 

1  olerk,  12  months,  at  $75 900.00 

jicUrk,  5  moDths,  at  ff^ 375.00 

llaborer.  182  days.  at|1.50 273.00 

I  clerk!® '"*■'*''•' ***^ 390.00 

l6  months,  at  (70 420.00 

1  clerk,  6  months,  at  $60 360.00 

leopyiHt,  6  months,  at  $r>0 300.00 

54  months  0  days,  at  $55 319.00 

Utenograpber,  6  days,  at  WO 12.0(1 


[top 
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SolarieH  or  compenBotioD — Continned.  j 

6  montba,  at  $50 9300.00                       | 

i  monthn  8  dayn,  at  $55 151.70 

1  clerk,  llj  monthB,  at  $45 517.60 

1  clurk,  2  moDtbB  20  dnys,  at  $.1") 92.  B8 

I  copyist,  4^  moDths,  at  935 157.50 

1  meaBenger,6iiiout1i8l6<]n}'a,at$2.~> 162.90 

|22  daya,  at  *3 66. 00 

I  carpenter!  lai  days,  at  $3 36.^ 

(20  days,  at  $3 60.00 

1  paiiit«r,5dayB,Ht$2 10. 00 

"      1224  duys,  at  $1.50 336.00 

Icleanir,  13  day  B.  at  *1 13.00 

1  ag^nt,  l2montlia.  at  $50 600.00 

"^    '  lemontliB,  al$91.6Gi 5.MI.O0 

Total  salaries  of  compensation U,  519.73 

GetiBral  ('xpeneea: 

Freight $1,502.32 

Printing 9.50 

Postage  and  telegrams 20.32 

Supplies 193.03 

Traveling  expenses 574. 18 

2,299.35 

Total  diBbnrwmipnbi $16,819.08 

Balance  July  1,1896 180.93 

INTERNATIONAL  EXCHANGES,  SMITHSONIAN  INSTITUTION,  1M6. 
Balance  July  1,  1895,  aa  per  laat  report $2.01 

IHtburiementt. 
SiipplicB 1.80 

Balance  Jnly  1,1896 .21 

INTERNATIONAL  EXCHANGES,  ISM. 

Balance  July  1,  1895,  an  per  last  report $0,10 

Italancc  carried,  nndcr  tbe  provisions  of  the  Revised  Stntnten,  Rection  3090,  by  tb« 
Treasury  Uepartment  to  the  credit  of  tbe  Horplns  fund,  June  30,  1896, 

NORTH  AMERICAN  ETHNOLOGY.  IBM. 

Appropriation  by  Congress  for  the  fiBcal  year  ending  Jnne  30, 1896,  "for 
cont.inniiifjethniilitgicalreBearcliea  among  the  American  IndianB,  under 
the  direction  of  the  SmitfasoniaTi  InaMtution,  Including  salaries  or  com- 
pensatiuu  of  noce.-<aary  employees,  $40,000,  of  which  aiim  not  exceeding 
$1,000  may  he  used  for  rent  of  hnilding"  (aundry  civil  art,  Marcli  2, 

1895) $40,000,00 

The  actual  coudnct  of  theae  invoatigntiouB  haa  lieeii  fonllniied  by  the  Secretary  in 
he  bantia  of  Mi^.  J.  AV.  Powell,  DireuU>r  of  tbe  Ituieau  of  Amerioan  Ethnology. 
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DitburMment*  July  1, 1896,  to  June  30, 1896. 

SklariM  or  compeaaatioD : 

1  Director,  12  months,  »t  $375 M,  500. 00 

1  ethnologfat  in  char ^,  12  months,  at  $300 3,600.00 

1  special  ethnologist,  7  months,  at  9300 1,400.00 

1  ethnologist,  12  months,  at  tlSO 1,800.00 

I  ethnologist,  12  months,  at  •150 1,800.00 

1  ethnologist,  12  montbfl,  at  9160 1,800.00 

1  ethnologist,  12  months,  at  «125 1,500.00 

1  ethnologist,  13  montlia,  at  $125 1,500.00 

1  ethnologist,  12  months,  at  $116.66 1,390.92 

1  ethnologist,  12  months,  at  $110 1,320.00 

Ithno-photograpberj^  "">"»•"■  »*«*«' 200.00 

*            UO  months,  at  $116.66 1,166.60 

1  clerk,  12  mouths,  at  9100 1,200.00 

1  clerk,  3  mouths,  at  9100 300.00 

1  p^Je  months,  M  $83.33 499.98 

l6  montha,  at  $100 600.00 

|5  months,  at  $76 376.00 

Icleth  2g<la>-8,Bt$75 70.17 

Is  months,  at  983.33 499.98 

Icleik,  12iiioiittiB,at$75 900.00 

1  rierk,  12  months,  at  975 900.00 

1  messenger,  12  months,  at  $60 .'. 720,00 

1  messenger,  12  months,  at  $60 BOO.  00 

1  modeler,  10  moaths,  at  $60 600.00 

1  skilled  Uborerl"  ■"""»•»."*»«- 2*««> 

16  months,  at  94.') 270.00 

1  coiijist,6  da;s,Bt  $2 12.00 

Total  salaries  or  oompensation 29,773.^ 

Uiseellaneous : 

OraningH  anil  illnstrations 9290.50 

Freight .' 31.40 

Mlscellaueoaa 92, 10 

Postage  and  telegraph 35.91 

Publications 218.48 

Office  fnmitnre 393.77 

Office  renUl 999.96 

Special  services 440.00 

Specimens 21.48 

Stationery 474.69 

bupphes 617.81 

Traveling  and  Geld  eipensea 6,166.22 

Total  miscellaneooB 8,782.22 

Total  diabnrsementa 38,  ^i.87 

Balance  Jnly  1,1896 1,444.13 

NORTU  AMBRItJAV  BTHNOLOOY,  18«. 

BiUnce  Jnly  1,  IS9S,  as  per  last  report 95,680.16 
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I>ritwlnR:ii  nnfl  lIInatrAtinnii (TW.SO 

I'roiBM 15.15 

Mi-wlUoenm 12.97 

omrf  tanltnTt, 216.50 

OBlMrmUl 83.35 

rn*tit|(''<  Iftaicroph,  etr. 211.30 

rnl'Mratinnn 655.36 

HorvIrM 313.33 

H(»t1iih.i>« 12.91 

Hlnlliinttr; 147.  C3 

Miipplifi 301.98 

Tt»vpH.t«iiiid(lr-l.lMpcn»w 1.26fi..=iO 

Tiit*l  •llnlinnwinenbt 3. 7»3. 71 

AmiMint  rarTltHl,  Dlldor  ttir  pmviHimiH  of  Reviaed  Statates,  err- 
lii>n  SMUrn,  by  lb«  TteMairy  ncpkrlment  to  the  civdit  of  tbf 
Hiirpliis  fond,  .f  line  80,  IMtB,  by  dtwiaion  of  the  Comptroller  of 

(bpTre««.iry 1,796.36 

(5,580.07 

llaUiK-e  July  1.  IKM lOO.flX 

NATIONAL  UrSKOU. 

1-HicitBnvATtoN  or  (^iiia-KOTiONs,  Jtii-Y  1,  ISifi,  to  Jpnb  30,  1896. 

.\ppn>pri»lluii  by  rnourvM  for  the  Hac»l  year  ending  June  30.1896,  "for 
tiMitiiiiilott  tb<-  prrw-Tviitliiii,  I'lhlUilluii.  Hiid  iiirrenite  of  Ihe  collodions 
IViiii  lli(>iiiir\eylii)i  timl  •xplorUiK  i<x|>(HlltloiiH  of  the  Government,  and 
IHxn  •itlii't  iHinii'p*,  liieliidliiK  KiilnrliHi  or  ooiupeuiuttion  of  all  DpreHsary 
v».>pU.y.«.-"i»umlry  oivllaot,  ManU  J.  l«k-.t *143,225.(» 

t  Kvii-tailt  Hrt-iiTtary  itf  llip  ^oiilli'XiinHii  liisti  till  inn.  in  rhA^re.  12 
»...«nlw,  at  ♦ii.-W.aa' «,999.9B 


.VHli\<^i-HTatur.itu»tilti^at  t:.-JA 1,575.00 

r.^wv  til hv,ii  fiWt 7.300.00 

!i-<»»,  i;ir,mil,N,  al  n:^  2,100.00 

-.u-r, '.l  i-.i.>!t!iv  H  *lT.^  1.H26.00 

t.lM   lu--.(h.«i*li*;:s;  11 '.H«»lli-v,.«*l.iK,iW l,99!l.99 

i.v*    vr-<\  lii'.'"l!',jl*Hr,Sim.iilU«,«l  »Ul>;T>tjya.at«14».  453.61 

.'^l.l  ,■^^«;.^Jr  1^  ;t-,"i:iv  jI  flV    l.ttOO.OO 

. -.,*  .  ..■■•i.«,ll  »s-ii^v  .i*;S5..<*:  I  w.-c:i,at  fl-ti-tW 1,600-29 

fc«,.ri,--  .«.■!  ;;■«...-.;», *i  *•„?.     1.500.00 

>.«»,-».  .."^-.N.   V.  ■•-■.•!  I- *  a- *;;->.  lK-,.:Su*i?:;>>   l.rrfH.OO 

.V..,  ,.     *i-  ;;  wv«i'-s  .1  s:.v,  is^...,!ji,*w;  ;: i.aoiOO 

,  ^v.  I  .i-^i.,.  ■•:■  ,.v-!f  ;^»i*»'      96U.00 

,*■»-...  •»!Vi  ;;  ■«■■.^  .'*.*.  *-^,  •.  »,v-i>,  ii  s-j,v     soi.iw 

h.;'i.uvii.v»-*-..v                      innoo 

.,  :    ,.v..  1.V  n-«  ,  ■  ■.^■••;.  .1  *s,s.-     ^gi.m 

'"•'■•>■-•"'"                                 ■                 2*,00 
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REPORT  OF  THE   EXECDTIVE  COMMITTEE.  XXV 

BklariM  or  corapetuiatinD — ContiDned. 

Iaii1.2montbi>.at$50;  16  (lays,  at  ¥50 912S.00 

laid,  7moiithH,at940i  15  days,  at  HO 300.69 

laid,  4  iaontfae,fttMO 160.00 

1  eolleclor,  3  months,  at«60 *. 180.00 


1  photognpber,  12  moDthH,  at  $1!)8.33 1,899.96 

1  artist,  12inaDtha,  at  $110 1,330.00 

iMteologiat,  «  naonths,  at  «90 730.00 

1  pr«T>arator,  12  months,  at  «80 960. 00 

I  preparabir,  2  ninuthi,  .it  «90 180. 00 

1  prpparator,  II  montbB.at  *80;  l^days,  at  9K0 91K.T1 

1  prcparator,  11  months,  ntfM);  l.'i  •■&;■,  at  $K0 9IK.TI 

I  preparBt..r,  la  months,  at  960 730.00 

1  preparator,  1  month,  att60;  II  iUjb,  at  $60 81.29 

Iprpparator,  10  monthH,  at  $50;  IS  days,  at  $50 625.81 

1  praparator.  4  inonthB,  at  $50 200.00 

1  preparator,  1  month,  at  $50;  23  (lays,  at  $50 87.10 

1  preparutor.  23  days,  at  $3,20 73.60 

1  preparator,  21  days,  at  $3.20 76.80 

t  tnxidermi8t,10iDODtbs,at$I00;  :t21  days,  at  $100 1.106.99 

1  taxidermist,  7  months,  at  9100;  38  days,  at  $100 , 821.52 

lUxidi-cmist,  12  months,  at  $90 1.080.00 

1  Uiidennist,  2  months,  at  $75;  U  days,  at  »7.'< 18:),  00 

1  taxL<I<'miist,10months.at$60;  29 days,  at $60;  2!t days, at $60 714.13 

1  model  maker,  5  months,  at  $100;  9  days,  at  1 100 529.03 


Icbi^f  olerk,  12  months,  atr200 2.400.00 

1  editor,  8  inoDths,  at  $187.50;  19  days,  at  *1K7.5(I 1.614,92 

1  editor,  3  months ,  at  $166.66;  1  month,  at  $166.73 500.  IK 

1  chic'f  of  division,  12  months,  at  r^OO 2. 400. 00 

1  registrar,  II  months,  at  $158,33;  1  month,  at  $160.06 l.!)01.69 

I  disborains  clerk,  12  months,  at  $116.66 1.39it.92 

1  assisUnt  librarian,  11  months,  at  $110;  1  moutb.  at  $111.40 1. 331.  10 

1  stenofcrapher,  10  months,  at  $110;  2  months,  at  $120 1.3f0.00 

1  stenographer,  11  months,  at  $.'>0:  1  month,  at  $.'>4 601,00 

1  stenograplier,  12  months,  at  $45 540,00 

1  typewriter,  10  months,  at$."iO;  .JO  days,  at  $50 582.10 

I  typewriter,  .109  days,  at  $1.50;  6  days,  at  $.50  per  mouth 473. .50 

2rlerkfi,  12  months,  at  $115 2,760.00 

2rl«rkB,  12  months,  at  $100 2,400.00 

Ulerk,  6  months,  at  $100 (MIO.OO 

lelerk,  8ioon[h»,at$90;  Odaya,  !it«90 746.13 

1  clerk,  12  monilii.,  at  $90 1,080.00 

Irlcrk,  10  months,  al  $60;  2  months,  at  $90 780.00 

Iclerk,  l2monthn,  at$83.ai 9St9,96 

li-lerk.  11  months,  at  $75 825.00 

Iclerk,  1  montli,«t$70 70.00 

2  clerks,  12  months,  at  $60 1.440.00 

Ulerk,  4  months,  at  $60;  3  months,  st^HI;  15  days,  iit  $50 41.5.00 

2.lerka,  12  months,  at  $56 -. 1.320,00 

1  clerk,  11  months,  at  $.55;  I  month,  at  $54 6.59.00 

Ulerk.  11  months,  at  $55    1  month,  at  $54 659.00 
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BBPORT  OF  THE   GXECUTTVB  COHUITTEB. 


Sal  Aries  or  compensftttoB — CoDtinned. 

IrlcTk,  tl  months,  at  *eO;  1  moDth,  at  t61 

I  dark,  11  months,  at  f50:  3  daja,  at  KO 

Sclerki,  13  monthii,  at  (60 

1  clerfc,  Gmonthi,  at  ^ 

1  copyist,  12  months,  at  S45 

2  copyists,  3  months,  nt*4S;  15  day »,  atf45 

2  cnpyislH,  11  months,  at  $40;  1  month,  at  Ml 

t  ropyieta,  12  months,  at  MO 

1  ropyist.  11  months,  at  t!tr>:  I  month,  at  930 

2capyititH,  12  months,  at  $35 

1  oopyint,  JO  months,  at  fSTi;  l»days.  att35 

1  copyist,  6  months,  nt  $35;  23  days,  at  135 

1  copyist,  3  months,  at  $35 

Zcopyixts,  13  niontba,  at  $30 

1  copyist.  12  months,  at  $25 

1  copyist,  4)  months,  nt  $35;  23  days,  atC2S 

1  copyist.  4  months,  at  $20;  Sldays,  nt  $20 

BDILOnioa  UID  UBOB. 

1  snpcrin  Undent.  13  months,  nt  $137.S0 

1  atisistaut  niiiicriiileudeiit.  3  mouths,  »t  $100;  9  months,  at  $110 

I  ToTeman,  12 months,  at $50 ..- 

I  ohipfofwnti'h,  12monthH,  nt$^ 

1  chierof  wiitch.  11  mouthn,  at  $65;  28  days,  at  185 

I  ohiefor  watili,  11  months,  at  $50;  1  month,  at  ^t 

1  watchman,  12  months,  lit  $83 

10  watchmen,  12  months,  at  $£0 

1  irnlchmuii.  6  months,  at  $r>ll;  04  days,  at  ^0 

1  watrhmnn,  (!  months,  at  $riO 

1  Katohmao,  3  months,  at  $45;  26ilayn,  at  $45 

1  watchman,  5  mouths,  nt  $45;  16  dnyH,  nt  $45 

2  watchmen,  12niontliB,  at  $15 

1  watchman,  11  niontha,  nt$l5;  1  month,  at  (48 

1  watchman,  1 1  months,  at  $40;  23  days,  at  $40 

I  wntchiniin,  13monthH,  nt  $40 

1  watchman,  II  months,  at  $45;  13  days,  at  $46 

1  wat<;hnian,  4  months,  nt  $45;  23  days,  at  $45 

1  watuhmnu,  i)  months,  at  $45;  30  days,  at  $45 

1  watfhinan,  4  months,  at  $45 

1  watchman  (acting),  3  montlis,  at  $35;  30  days,  at  $35 

1  watchman,  123  days,  at  $1.50 

I  watchman,  3  days,  at  $1.50 

lBkUledlaboror.2montlis,at$e2;  9monthB. at$.^;  1  montli,att40. 

1  skilled  laborer,  3  months,  at  $00;  31  days,  at  $60 

1  skilled  laborer,  21  days,  at  $50 .* 

1  skilled  laboi'cr,  11  months,  at  $45 

I  skilled  laborer,  231  days,  at  $3 

1  skilled  laborer,  13  days,  at  $1.75 

llaborer,!  month,  at  $53.50;  1  month,  at  $47.50;  1  month.at  $46;  6 

mouths,  at  $40 

I  laborer,  1  month,  at  $49.50;  317  days,  at  $1.50 

1  lal>oi«r,  12  months,  at  $15 

llaboriT,  11  montlis,  nt  $45 

llaborer,  1  month,  at  $13;  2  months,  at  $41.50;  8  months,  at  $40.... 
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Sslftrien  or  compenskl  ion— Cod  tinned. 

lUliorer,  I  mouth,  at$43;  10 tuontha,  "t »40;  15dayi,at«40 M63.M 

1  Utiorec,  1  month,  at  941.50;  11  raonthi,  at  MO 481.50 

1  laborer,  1  month,  at «4t.eO;  11  montba,  at  940 481.50 

2  laborera,  12  months,  at  940 960.00 

llaborer,  llmontbB,at»40;  15  dajR,  at  MO 460.00 

1  lalHirer,  11  mouths,  at>40;  2S  itavs,  at  940 476.13 

1  Isborar,  llm<>iithB,at«40;  24  dayx,  nt  $40 472.00 

Tlabnrera,  314  (U;h,  at  «1.50 3,297.00 

lUborpr,Ki5.i»y»,  at«1.60 382.50 

1  lalmrer,  S2  (iay»,  at  $1.60 138.00 

llilmrer.  316daj-s,»t»1.50 474.00 

1  laborer,  28}  dayii,  attl.EO;  381  honn,  at  15  centH  {lerhonr 84.90 

1  lalmrer,  305  days,  at  «.60 457.50 

llaborer,  ISdayM,  nt»l.50 Ifl.BO 

1  laboriT,  271  dajB.  at  W-SO 406.C0 

I  laborer,  363  days,  at  tLSO 644.B0 

1  laborer,  362  (lays,  at  «l.50 513.00 

1  labonr,  349  days,  at  »1.50 B23.50 

1  laborer,  329 days, at •l.SO 493.50 

1  laborer,  293  days,  at  $1.60 439.50 

llalMirer,  fidayB,nt»l..'>0 9.00 

11*110^,89)  hours, at  ISoents...-. 13.43 

1  labor-T,  82)  hours,iit  15  cents 12.34 

1  laborer,  90  bonra,  at  15  venU -.  13.60 

1  laborer,  811  hours-atl.";  cent* 12.26 

1  laborer,  88)  houiB,  at  15  <'ents 13.28 

1  lalwrer,  1*3)  honrs,  at  15  t^nts 21.18 

llabor.-r,  90)  hours,  at  15  cents "- 13.54 

1  laborer,  SS.*)  lionra,  nt  15  cent4< 42.83 

1  laborer,  lOf  lionrx.  ut  ir>centH 16.35 

1  laborer,  86)  hours,  nt  15  centa *. 13.01 

1  laborer,  13  hours,  at  15  ceuts 1.85 

1  laboref,  78i  hours,  at  15  centH 11.78 

1  laborer,  10  hours,  at  15  ci-nta 1.50 

1  laborer,  11  <Uy«.  at  »l.r.0 16.50 

Imewenger,  10months,at$50;  30days,at$50 650.00 

1  meesenger,  11  raoutb»,  at  $30;  29  days,  at  $30 359.00 

1  mesMuger,  2  months,  at  $30 60.00 

1  meaaongcf,  16  days,  at  $30 16.00 

1  mcHsenger,  11  months,  at  $^ 275.00 

Immsenger,  1  month,  at  $22;  6  months,  at  $20;  6nuHitliB,  at$15 212.00 

2  messengers,  12  months,  at  $20 480.00 

Imeswnger,  tinontb,at$20;  21  days,  at  $20 SS.STi 

1  mestwDger,  31  days,  at  $20 20.41 

1  attendant,  12  mootbs,  at  $40 480.00 

3  rteaners,  12  months,  at  $30 1,080.00 

1  cleaner,  315  days,  at  $1 315.00 

1  cleaner,  315  days,  at  $1 315.00 

1  cleaner,  11  mouths,  at  $30;  1  month,  at  $31 361.00 

Total  salaries i:ffi,950.49 

Speoial  services 2.916.25 


Total  serrices 128,866,74 
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HiiirellitD«aiM: 

MiippliCT ia.6M.70 

Mtstloner; TS5. 96 

Mp8«-iinen» 3,810.25 

Hooka  and  perloillrals 2,245.39 

TtbvoI 599.35 

tVelght  and  CBrtaee 1,686.06 

»11,511.73 

Totnloxpanditnre 140,378.47 

Ilftli>n«e.)iil.v  I,  1K96,  to  meet  Uabilitiea 2,846.53 

NATI»NAt.  MliHUIJH:    FdHNITURE  AND  FlXTURRS,  JDLY  1,  1895,  TO  JuSK  30.    1896. 

B»ceipi: 
Approprlntioti  liy  ConKrcM  for  thn  firaal  yer.r  ending  Jnnp  30,  lfl96,  "  for 
oiwM,  furniture,  flitiires,  and  applianocR  rei|nired  for  the  eibibition 
mid  an fe -keeping  of  thi<  i-olloctiotiB  of  thn  Nntiounl  Mnaenin,  inrlnding 
mlariiw  or  cum]>oiiBation  of  all  ueoessar;  employei>a ''  (sondrj  civil  act, 
Maivka,  l*l») $12,500.00 

Sal»rim  nr  ramp^niintion ; 

I  r*ltin<*tinakiT,  314  dnyi,  Bt«3 942.00 

1  <-*rp(>nter.  .tH  days,  »t  *3 942.00 

l<«nwi.Wr.  ISfi  days,  at  Kl 468.00 

I  c.;«n>.  niPT.  I2a  dxj-A.  al  f.t 369.00 

I  <«nw*tpr.  Iit'davs,  at  fS SlT.OO 

1  rj>Ti>.ntN.  Ui:id!«\*,  al  W 309.00 

I  oarpenK-r.  A"id»>s,  at  *3,..: 283.00 

I  <^»rp.r,t.-.,  TidjivB.  «i*S 21fi.0fl 

1  M--*ril«.  >.U>iii,al  *,■* 174.00 

1  *u.:w:t'i,  i:  .Uys,  il  !C^   51.00 

-.  .i.-,*T,t*.:.  :i>.  .1»yv,»i  *,■; 37.50 

1  rj.  T*-  :k,  ;l  dav^at  *:' 36.00 

-  .»Twi.n.T.  l.-4v>>-«i*-'' -* 30-M 

:  ra.-Tw.iT*-;   V.".-\T^  HI  « 87.00 

-.  .  i.-r«'T  J-    ^..fct-^alft;; M.00 

.  ..-I*. -■.iai.i^fct  sv=;  aoo 

.  ..^iT  V   ;  n.  .i,hs.  hi  *B.:  iJ  4a\-»,  al  *»A\ 34.'i.!6 

'.■,.■;■-     '^   mmrriv,  «!*■■.■-, ..        500.00 

-..  ,;,..    :„.„.-,.•    ;;>.-.i,,-v.  «i  SC - 436.00 

,-.     .-,    ■:■«.-,.:    ?.  .1,,  ^  vtSi     52.00 

~,     ■..    ,-■».-..•.;•<    .is--vfcifc    39.00 

...    .,,..'-.•■-    :.,.,...  I,  «- -*A fliLOO 

,.    -.^    ,..»..-«     ■,>...,  -s  ai  s;  ■:■    JUS 

,.,N,-s,-,      H    (Ik  -,    ..,  V,    „                 UttO 

■  .'    >....-,-,.,.. -J..     8.00 
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Mitcellkiwaiu — Coatin  ned. 

GlM» J22S.57 

Hkrdirue 653,05 

Tools J8.96 

Cloth 111.73 

GlwBjan Ui.61 

Lomber 917.54 

Paints,  oib 346.30 

Office  Ibniitara 193.36 

Rubber  aod  leather 70.  M 

Appantns 6.45 

PlunibiDg. 463.00 

IniDbraokete 91.00 

»4,!I23.46 

Total  expend ita res 11,184.91 

BaUnce  Joly  1, 1896,  to  meet  Uabilities 1, 315. 09 

R&noNAi.  Museum  :  Hbating,  Liqhtino,  Glbctkic  and  Tblrphonic  Service, 
July  1, 1895,  to  Jume  30,  IS96. 

Beetiplt. 

ApproprJatloD  by  CooKreas  fur  the  fiscal  yew  eoding  Jnnp  30, 1896, "  forex- 
pcnse  of  heatinfc,  'ightiug,  electrical,  telegrapbio,  and  telf  phonic  serv. 
ice  for  the  National  MuMUDi"  (sundry  oivll  act,  March  2,  1895) till,  000.00 

Silariee  ot  corapeosaiiou : 

1  engineer,  1^  months,  at>lt5 1,380.00 

1  assistant  engineer,  3  months,  atf75;  53  d»j's,  at  t75 3.M.27 

Slireiiieti,  13  months,  atWO ^ 1,800.00 

Iflreman,  6  d.ijB,  at*50 9.68 

ISreman,  5  j  days,  at»50 ©.48 

IfiMmao,  Ifdays,  atfSO 2.81 

Iskilleil  luliorer,  13  months,  at  $75 ; 900. 00 

I  skilled  laborer,  6  months,  at«60 360.00 

1  telephone  clerk,  20  days,  at  960 38.71 

I  telephone  clerk,  6  days,  at  $45 9.00 

I  laborer,  3  months,  at  MO;  24  days,  at  $40;  6  days,  iitM5 121.00 

4,9»4.>«5 
Speeiol  services 39.,'iO 

Total  services 5,0'J4.J5 

Gneral  expenaes; 

Coal  and  wood *3,30a.  32 

Gas l,'yH).63 

Telephones 412.50 

Electric  an ppl tee 1,482.44 

fiental  of  call  boxes 110.00 

Heating  snpplies 167.73 

Telegrams 8.61 

Heating  repairs 104.00 

7.028.23 

Total  expend ita re 12,053.67 

Balance  Jnly  1,  1896,  to  meet  liabUities ^^^        047.83 
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National  MuiiBiiH:  Postauk,  July  I,  1895,  to  Junk  30, 1896. 

Appropriation  bj  CongraB  for  the  liseal  ;ear  eixlJDg  June  30,  1896,  "for 
postage  MtsQips  and  foreign  postal  cardit  for  the  National  Hasenm" 
(•nndr;  civil  act,  March  2,  1895) 1500.00 

IHsbvrtenieiilt. 

Wasfaington  citj  post-office,  for  stamps,  etc 500.0) 

National  Museum:  Pbinting,  Jult  1,  1895,  to  Junk  aO,  1896. 

Btcaptt. 

AppToprtatiiin  by  CongresH  for  the  liscal  year  ending  June  30,  1896,  ■'  for 
tlie  Smithsonian  Institution  for  priutin);  labels  and  blanks,  ami  foe  the 
'  Bulletins'  and  annual  volnmes  of  the  '  ProceedingH'  of  the  National 
Hnseum,  and  binding  Hcientilic  books  anil  pamphlets  presented  to  aoil 
aciinired  by  the  National  Musenm  Library"  (sundry  civil  act,  Manh  3, 
1895) $12,000.0U 

KipendilurtM. 

BnlletiDs,  National  Mueeum,  Noe.  47,  49,  and  special  bulletins 

Nos.  2ancl3 $7,036.64 

Proceedings  National  MiiwiiiD,  Vol.  XVIIl 956.00 

Beports  National  Husuiin,  entroM 201.62 

Labels 2,685.91 

Letter  bends,  pads,  and  enveloi>eB 2(e.09 

Blanks 423.48 

Electros 9.26 

Binding 388.60 

Congressional  Becords 40.20 

Total  (expenditure 11,947.29 

BalanieJuly  1,1896 52.71 

National  Uusbuh:  Kbnt  of  Workshops,  1896. 

JCtceipU, 

Appropriation  by  Congress  for  the  liscai  year  ending  June  30,  1896,  "  for 
rent  of  workshops  for  the  Natioual  Mnseuui "  (sundry  civil  act,  March 
2,1895) t900.W 

Diibartiinentt. 

Bent,  July  1  to  May  31,  11  months,  at  $75 825.00 

Balance  July  1,1898 75.00 

National  Museum  :  Buildinu  Bki-airs,  1896. 

BecHpU. 

Appropriation  by  Congress  for  the  Becul  year  ending  June  30,  1896,  "  for 
repain>  to  bnildinga,  shops,  and  shiids,  Niitional  Museum,  inuluding  all 
neoeMMy  labor  and  material "  (sundry  civil  act,  March  2,1895) $4,omOO 
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Expendilura. 
SerricM  or  companaatiou : 

3cttrpentan,  208  days,  at  *3 t624.00 

1  pkintar,  1  month,  at  #65 65.00 

1  painter,  16da;Hst$6S - 33.55 

li  skilled  laborers,  364  dayi  at  «S T2S.D0 

1  Bltillod  laborer,  21  days  at  $1.75 3fi.7r> 

3  skilled  UboreTB,  I  montb  attSO IBO.OO 

■  skilled  laborer,  Todays  at  tSO 12.10 

I  skilled  laborer,  1  montb  at  952 52.00 

1  skilled  laborer,  24  days  at  $50,  (!  day  s  at  t55 51.  OU 

1  skilled  laborer,  21  days  at  $1.75, 5  days  at  $2 46.75 

1  laborer,  1  montb,  $41.50 41,50 

3  laborer*,  S3  days  at  $1.50 124.50 

1,965.15 
UisceHaneoQa : 

Gran  i  to  pavement $600.00 

Paint«,  oils,  etc 400.23 

Glaas 28.00 

Advertiaing 38.19 

Lumber 9.00 

Hardware fi.42 

Bri  ok,  cement,  charcoal 23.50 

1,105.34 

Total  expenditure $3,070.49 

Balance  Jaly  I,  1896,  to  meet  liabilitiei 921). 51 

PiRB  Pbotkction;  Shith»onian  Institution  and  National  KIuskum,  1596. 

Appropriation  by  Congreea  for  the  fiscal  year  ending  Jane  30,  1896,  "for 
eipensce  of  putting  in  four  additional  fire-plugs  in  the  SmtthsoniHu 
groQuds  for  the  better  protection  of  the  Siiiitfaauniun  Inititntiuu, 
Hatioual  Museum,  and  Astropbysical  Observatory,  and  tlie  parcbase 
of  necetiaary  fire  bose."     (Sundry  civil  act,  Haroh  2,  1895.) $800.00 

Water  Department,  District  of  Columbia,  for  labor  and  material 

for  erecting  four  fire-bydranta  in  Saithsoiiian  grounds $646. 89 

Fiiehoae,  noczlea,  andconplinga 151.40 

798. 2» 

Balance  July  1, 1896 1.71 

AppttoPBUTiOKH  FOB  Previous  Ykars— Prbsbrvation  ok  Collections,  1894. 

Balance  July  1, 18(Nk,  aaper  last  annual  report $235.27 

Exptiiditiira. 

Specimens $13.50 

Freight 12.14 

Books 202.23 

Total  expeoditure a27.87 

Balance  July  1, 1896 7.40 
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TlTAI,    KXPKIIUITUBX   OP  TUK  APPROPRIATION   FOB  PBBSBBVATIIIIt  OF  COLLIC- 
TIOMS,  1894. 

Appro|irlutlon im.5«.flp 

Malnr]f«  iir  iniiipAuaatlou tll8, 406. M 

Hpfu-liilor  lontrst'I  work 2,2U.  33 

'I'.itol  MliiTlM 120,6*9.26 

HitpiillrHi 2,356.36 

fttiill-mi-rv 49a06 

HtwImoMl 3,83*.24 

Tr«.»l 572.30 

►•rslKhl 3,129.48 

Itoukl 1,464.91 

Tiimlnniwuilitiirw 132.t9i.9l 

Itnlnncn  ciirrlpil,  imtlfli'  tlie  |)ri>viHioitii  or  Keviseil  Statutes,  section  3n90. 
lit  4)ii'  TrniMiiry  i ■rpurtmeiit  lo  the  credit  of  the  aiirpliiN  fuod,  Jddo 
jki,  mm..    '10 

I'ltRHKtlVATION    UK   COI.UECTIUNS,   1895. 

Ilflliiri''"  -I'liy  I,  IWi,  na  [ter  liiiit  iinnaul  report f4.950.S8 

/',>j.««rfJ("rc",  ./mIjp  /,  WO.J,  lo  Janr  .10, 1S»;. 

«(.«'liil'.r("rilrii.it«"rvi«c« »683.09 

..„,,,,,,«         907.09 

i,,,, „„„.,,      264.38 

^,^,  ,„,,.„, ■. 999.33 

))..-l -«»,■!  j..-rl.iill'Bl«   ,---  1.51K.14 

,,,,.,         90.61 

(»»:,»,!  Hi,-l-Hit<m« 446.93 

(./■•I  »--|.(iii'IUiin',  July  1,  18!t5,  lo  June  30,  1896 4,9».57 

I.I )-.lrI,  1K!W 42.31 

t    .t,  ,     In  r>  I'ri'lll-    '<r    IIIK    AlTltnrKIATIIIS    FOH  I'RBSERVATIO.S   or   COIJ.EC- 
Tl"NS,    1KI3. 

,„.„ »:43,<ioo.(io 
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FURNITUKK  AND   FlKTUaStt,   1894. 

Balance  Jnly],  1995,  aa  per  last  annaal  report tO.Oil 

Balance  earned,  under  the  proviajoos  of  Kavia(>d  Statiitea,  xei^tion  3090,  by  the 
Treaanry  DepartiueDt  tii  tbe  credit  uf  the  aiirplug  fund,  June  3(t,  1896. 

FUIINITLRB  AND    KIXTITRE8,   1805, 

Babuice  July  1, 1896,  an  per  last  annual  report ■- fCVT.  43 

Special  aervicea #7.00 

UiacallBlieoua : 

Drawera,  Iraya,  lioxca 7.00 

Framrfl,  atsndii,  etv 1.  'lEi 

Glaaa 1.25 

Hanlware 37.69 

Tool* 1.10 

Cluth,  cotton,  otti 97. 78 

Glass  jant 106.57 

LnmbeT 113.36 

Paints,  oils,  etc 3M.24 

Office  fnrnitDK : 241.03 

Metals a  24 

Rubber  and  katber 5.79 

Appantuaand  cbemicals 2.60 

Total  expend  itnre 696.110 

Batanoe  July  1,  1896 ,53 

Total  Expkkuituhb  iif  tur  Appiiui'itiATioN  kok  Furkituiik  ami  Kixtuhkh,  1895. 

Appropriation #IO,000.<)0 

Salaries  or  compensation (5,609.20 

Special  contract  work 93.13 

Total  services 5, 702. 33 

I>rawiDgB 91.  26 

Dnvera,  traya,  boit>8 678.79 

['rameti,  stands,  etc 6«.  25 

61ms 47.15 

Hardware 547.99 

T«oU 64.79 

Cloth,  cotton,  etc 117. 78 

Glaisjars 354. »!) 

Lnmber l,251.5K 

I'aiiits,  oils 48M.38 

Offlrcfnmitnre 363.76 

VeUls 53.40 

Bnblier  and  leather 24.!>!l 

Iron  brackets 141.94 

tpparatosand  chemicals 2.60 

Total  wtpeDditure 9,999.47 

Balance  July  1, 1896 
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ASTSOrUYSICAL  OBSKRVATOBY — SUITlltH)NIAN  Institutiun,  1696. 


Appropriation  by  CougieM  "  for  laainteDauoe  of  AHtrophfiiloal  Observa- 
tory Dndertbe  direction  of  the  SmithBOEian  Institution,  inolndiof;  wi la- 
nes of  amistaDtii.  apparatui,  aii<l  niisou]laueoua  espenws  (soDilry  t^ivil 

»ct,M»rch2,1895) *S,  000. 0(1 

IHtbmnemenli  from  Julg  I,  1SS5,  to  Jnnt  3fl,  ISHt!. 

Sklarie«  or  compenution 


l»id" 


ha,  at*l25 »750.00 


U  nionths  7  daya,  at  flOO 422.  .W 

I  lOi  moutbH,  at  #100 1 ,  050. 00 

uitJ27days,  at  $100 88.06 

U  days,  Bt  #133.34 2U.I>7 

1  junior  aaaistwitJ"  ""•"""■  ^^"J"-"**^-^ **^^ 

l6  days,  lit  flOO 30.00 

1  cl«rk,  1  moDtb,  at  »100 100.00 

lclM'k,6moiithB6aa.v8,at*60 311.61 

liiwtrmnentmaker!^"'""*'"''^'*^ 3»»"<» 

il21^d'^y^»t*65 290. 0» 

1  iDBtrameiiit  mnher,  51}  days,  at  43.50 179. 38 

1  clpjtP  loonlha,  at  »35 70.00 

la  moDthu,  at  *40 80. 00 

l«ampater,  2  months  six  days,atf50 110.00 

lniMdiiDist,ouD-hair  montb,  atttti.33 41.  OT 

1  machinist,  1|  days,  at  33 4.  «H 

lateam  litt«r,  tfaree-foiirths  da.v.at  93 2.:% 

1  st«am  litt«r,  5  days,  at  93 15.00 

I  carpenter,  30  dnyH,  at  $3 UO.OO 

1  carpenter.  201  days,  at  $3 63.2.''i 

1  carpenter,  27  j  days,  at  *3 tPJ.  50 

1  carpenter,  18i  dayB,  at  *3 ST..  50 

1  skilled  lalK>rer,Tida.vB,  at  #2.50 ..  17. h2 

1  laborer,  tbn.'fl-foiirthB  day,  at  43 1,  'lO 

1  Inborar,  2441  <l"y»,  at  »l  ,50 3(i«i.  7.". 

llBborM',4(lsys,at4t.i>0 G.OO 

1  cleaner,  2)  dayH,at  tl 2..'* 


Total  salaries  or  compensation 

Ueneral  expenses: 

Apparatas «1, 233.00 

Books  and  binding 54.89 

Baildiog 9.00 

Ciatings 26.33 

Freight 47.53 

Hi«ling  apparatus 330.  Ml 

Illnstrations 211.00 

Lnmber 90.52 

Office  fnmitu  re 9.00 

Postage  and  telegraph 5.  IS 

Stationery 19,02 

BnpplieM 71H.(S 

Traveling  expenses IIG.  95 

Total  diabDivainonts 

Balanw  July  1, 1«96 . 


-  IS3L4I 

tl.X 
».80 

.   *x.m 

LW 

3.48 

.     aM.43 


;;m4  >ut<«,  and  of 
.'-.ii:  Iw  Bs«d  toward 


.i.MiiThiIS!15)|55.0«0.l»  ' 


.It.  i.,i.  ,<>    t     ..,-..,-^   ,,  *.>»vsS f2.lte.9G 

"'■'"''    '    '•'  •••»:;■■-  i,3rt).0O 

'"'"'■'""■■   " '"'              Tsaoo 

„rl   I' ">''•    "  •"'                 ■ 240.00 

'' '"'•    •!  *.*i>                  300.00 

"    '■'  'i'i"l'li'    -11  »-.^                9O(IA)0 

III  ii.ii.it.iii  n  iiixiiiik.  Ml  f<»< eeo.oo 

I  Hi  »...i.M.>.,  -I  .MS.1 95^29 

■''"'l" ''■'"'  ■"  »^' •■'■■'       K.OO 

'•"'■•.'-■"'♦'""    ao.oo 
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Salftrim  <>r  compoDBation — Continaed. 

rUlinoiitbH,Bt«60 $575.00 

J  under  keep«r<9  days,  At  $50 15.00 

lGdayB,»tS60 12.00 

{Hi  monthB,  at  $50 575. 00 

9  days,  at  $50 15.00 

6  days,  mt  $60 12.00 

(Hi  montha,  at  WO 6TO.0O 

1  DoderlieaperJOdays,  kt$0O 15.00 

ledaye,  at  $60 13.00 

ill  months,  at  $G0 650.00 

21dayA,  at$50 34.35 

6  days,  at  $2 12,00 

rll  1  montbB,  at  *riO 575. 00 

1  under  ke«per|  9  days,  at  $50 15.00 

l6days,at«0 12.00 

1  keeper,  10  montiia,  at  ^5 750.00 

1  blacksmith,  12  montha,  at  $T.'i 900.00 

1  amiflUnt  blacksmith,  12  months, ut $60 720. 00 

1  carpenter,  12  months,  at  $75 900. 00 

,  „^„„J3i  mouths,  at  $50 .^ 175.00 

''"«"""'irday,at$50 1.61 

lateDoj^taphcr.  13  months,  at  $62.50 760.00 

1  copyist,  3i  days,  at  $50 5. 83 

f  Hi  months,  at  $15 172.60 

1  attendant'o  days,  at  $15 4.  BO 

16  days,  at  $20 4.0O 

1  watchman,  12  months,  at  150 600. 00 

1  watchman,  12  moDtha,  at  $60 600.00 

1  watchman,  12  mouths,  at  $60 ,  720.  DO 

1  wat«hroBn,3montha,al$50 150.00 

Inigbt  watchman,  12  months,  at  »~>0 600.00 

I  a  months,  at  $« 495.00 

lUhoTer|9dayB,at$46 13.50 

l6  days,  at  $50 10.00 

J  ,g(^^  J2  months,  at  $15 90.00 

M6  monthx,  at  $50 300.00 

1  laborer.  12  months,  at  #50 600. 00 

1  Uborer.  12  months,  at  $50 600.00 

I  laborer.  12  months,  at  $60 600. 00 

1  lalMirer,  Hi  months,  at  $.'iO 575.00 

1  laborer.  12  moutha,  at  $35 420. 00 


1  laborer  * 


mthB.at$riO 200.00 


ll3daya,at$50.. 
1  laborer.  6  days,  at  $60 12.00 

Total  salaries  or  eonipensatiou $21,821.11 

limtlaneons : 

Bnildings 158.46 

Building  material 1,012.88 

Poncing  and  cage  material 3,778.16 

FwHl 5,  est).  31 

Freight  and  tntnsporlatiun 661.68 

Pnel GH.73 

Lomber 878.27 

Google 
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M  iMittl  an^onit— Ton  ei  b  n«d. 

Machinery.  t«il«.  Btr $143.49 

Mbcellan^nMnnppliff- .- 1. 386.57 

PaintM.  oil*,  j^lawt 237.37 

I'lMtoffe.  Ulephonn.  uifl  telrttnph 182.12 

RiKul  maI«Ti*l  aad  (;Ta<[ini 721.22 

Siin-pyinjf.  pl.-inD-i-lr - 1,127.50 

8Utioiw?t7,  f«ok''.P"ntinjf.rte. 23G.41 

Tre«t.  planU,  'M: 5H.01 

Water  unpply,  wwaEe.  rtr 357.  W 

Tolal  midcellaneons (18,017,(6 

Waic'H  "f  mochani™  *d<1  lalmrCT*  an<t  hir*  of  tMnu  in  coustnict- 
inic  bnildinipi  ana  incl.«nre«,  UjiuR  vrawr  pipes,  buUditig  r.«Ml«, 
eiittnn,  and  walk*,  |>laotiD)c  treM,  awl  otberwiae  impioviiig  the 

I  l»l.orer,  27  ilnys,  at  *2 •64.00 

,,   ,  (If-l  ilaVB,  at  f2 71.00 


I  lalKircr  ■ 


lr.3].l»yi,at+l.r.0 80.63 

)2(MI<1ny*,ftt*2 529.60 

la!day(i.at#1..50 39.00 

I  laborer.  in:i.lny»,ol*1.50 289.50 

I  l„lK.ror.GIHlay«,at*l..'iO 96.76 

I  lalmrfir.  2:«t  .lays,  at  91.r,(l 349.  ffl 

I  Ub«rBr.l2(Ulnyi.,at*l..'iO 180.00 

I  i,bor.T.lKll<layi,»t«l.6fl 276.39 

(  ;,h«r-r.7Kl]av^«tl^'l.W) "7.00 

I  Hi-ir'f.lf^Hlnyt.ntfl.BO 2«-»* 

I   .,:,^T^f.  ll:^^<W^»t•^■^'f *™-* 

;   ..,^.T.  lfi«l.lovR.at*l..W 2S3.13 

...-.-*r  rr;fr.l™,».at»l.r,0 508,50 

■..-.r-r  12 'l.'.v",  (11*1.50 63-00 

,,  „■■.,   Wi,i«v-,.it*l.50 &W-38 

...—.-  i7,,,l:.v».»ttl..'i<. 255.37 

f/..l.v..nt»I.W 532.50 

„i,.-.-  y.i.  .■f,v«.at*l.50 361.75 

,..,.»...  ■^.    .,  ,.attl..^-) W-TS 

-   ,.,    ....  ,wl,.-.0 W.38 

.,.,H   .      ,..,,, I. I..W »7.00 

,..,,,,„„ ,  „  .1  .r,.p lOft-flO 

,....-        *,    .   .HI  '<«    t*^'"" 

.., , ,  -t  .1  .-»    SISJ 


.   167. » 
.    C3.1i 

.  a7G.38 

.  ae,2s 

.    5S.U 

.  ts:.3it 
,  121.5: 
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W^^  of  mecfannJGB  and  Uborers,  etc, — Cnntinned. 

I  laborer,  34  da.T8,M  •1.25 •42.50 

lUlKiwT,aOdftrs.at»1.23 25.00 

lIal>ofBr,26dayB,iitH.25 3X.ffi 

I  laborer,  22  day h,  at  J1.2.-, 27. 60 

1  labowr,  34  dnys,  at  I1.25 42.50 

1  laborer,  2291  da.v'Si't»1.23 287.  IB 

lli»bi.rer,80i  days,  nt  ♦1.25 100.31 

1  laborer,  T4tdnyR,  at  91.25 93.12 

1  lalraKr,  ltlO}dnyH.at«l.25 225.93 

1  laboror,  35  dayn,  nt  •1.25 43.75 

1  laborer,  10  days,  nt  $1.25 13.50 

ll»bi.rfr,  ]3dnyK,at»1.2T 16.25 

1  laborar,  4 1 J  .laya,  at  $1.25 52. 19 

1  laborer,  191  days,  at  •1.2^1 24.69 

1  laborer,  8  days,  at  $1.25 10. 00 

1  laborer,  12  days,  at  »1.25 15.00 

1  laborer.  71J  dayH,  at  »1.2.-- R9.07 

ll.b«ror(«*''='y«'»'*>=^'^ 55.fi3 

lll2  dnyn.  lit  •! 112.  00 

(111  days,  at  $1.25 138.75 

1  laboRt!  12  days,  at  $1 12. 00 

1 1244  dfty  H,  at  75  cctiIh    93. 19 

1  laborer,  ISMayo,  Rt  $1 13.50 

1  laborer.  5  days,  at  $1 6.00 

1  la1>orcr,  20  days,  aHl 20. 00 

,flal»'ret,12|  days,  lit  $1.r^ 18.75 

lcarpenter.39drvye,at$2.50 97.50 

./laborer,  31  d  ay  h.  at  $1.50 46.50 

Wrpenrer,  7dayB,»t$2.60 17.50 

I  carprntBr,  12  days.  At  $2.50 30.00 

1  carpontor,  35  daye.  at  S2.5» 87.50 

1  eariKntor,  14  days,  at  $2.50 35.(10 

1  eDgioeer.  13  days,  at  $2..t0 32.  fiO 

lonRineur,24dayH,at»2..')0 60.00 

1  engineer.  14  days,  at  $2.50 35,  CO 

1  painter,  6  day  a,  at  (3 18. 00 

1  painter,  32  dnyi,  at  93 06.00 

lpaintPr,.'>|dayB,at*3 17.25 

1  painter,  14  days,  at  S3 12. 00 

1  Htonecntter,  3H<i.v",  at  •! 13.00 

IwagOD  and  team.  38HaT^  i^t  $3.50 134.75 

I  wagon  and  t«iini,2t  days,  at  $3.50 8.76 

1  wagon  and  team,  12  days,  at  $3..50 42.00 

1  wagon  and  ti^.ani,88i  days,  at  $3.50 308.88 

1  home  and  cart.  63i  days,  at  $1.75 110.69 

I  horwi  and  cart,  one-half  day,  at  $1.7r> 68 

1  homo  and  cart.  8  days,  at  •1.75 14,00 

1  horse  and  cart,  8i  days,  at  $1.75 14.88 

Iborsrandcart,?)  days,  at  $1.75 13.67 

lbDr^e,70dayB,at60c«nta 35.00 

lhors<?,41dsyB,at50contB 20.50 

1  water  boy,  62  days,  at  75  cents 4G.50 

1  water  boy, 34i days,  at  50 cinlH 17.13 

1  watarbnj,.50days,  Bt50oonlR ^i.OO 

1  water  boy,  501  days,  at  .•*  conta 2t>.» 
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BEPOttT  OP   THE  EXECUTIVE   COMMITTEE.  XLI 

National  Zoological  Park.  1896. 

Bal&oce  July  1,1896,  up«r  last  report $1,083,96 

DUbnTtemcnU. 

BnililiDg  mftterial »3.63 

Food 449.36 

Fencing  uid  rage  materinl 10,68 

Praigbtsnil  transportation 338.41 

Lumtter   1.10 

Misrellaneona 26.38 

Pun  la,  oiU.  gla>«,  etc 2, 40 

Postage,  telegraph,  nod  tvlepbono 48.09 

Stationery,  books,  printing,  eta 20.03 

Sorreying  plans,  etc 130. 00 

Tnveling  expenaee 39.86 

Trees,  plants,  etc 10.66 

Water  supply,  sewerage,  etc 1.20 

Total  disbnrsements 1,081.48 

Italnoco  Jnlj  1,  1896 2.48 

National  Zoological  Park,  18&I. 

Balance  July  I,  1890,  as  per  last  report $240.66 

DiibunematU, 

Stationery,  booln,  printing,  etc $0.71 

Sorreying,  plana,  eto 239. 9S 

240.66 


Tbe  total  amonntof  fiinds  admlnlBtrred  by  the  Institntinn  ilnring  the  year  ending 
June  30,  1896,  appears  from  the  foregoing  BtateiueutH  and  the  account  books  to  have 
been  as  follows: 

Sviiiksonian  Imlilution. 

V'Tom  balance  of  laat  year,  Jnly  1,  J895 $63,001,74 

(InelDiling  cash  IVom  execntoTS  of  Dr.  .1.  II.  Kiil- 

cier) $r,,  000. 00 

(iDdnding  cash  from  gift  of  Alex.  Graham  B«ll]...     .'>,IIOO.OO 

10,000.00 

From  interest  on  Smithaouian  fliod  for  tlie  year .'U,  715. 00 

ynm  salee  of  pnblications 162.15 

Prom  repayments  of  freight,  etc 6,312.46 

Interest  on  West  Shore  bonds 1,680.00 

Sl^S  871.35 

Approprialioiu  cotnmiHrii  hg  Congrtmi  in  the  rare  of  tkt  IniilitiilioH. 

iDtcmatinnal  Excbanges — SmithBoniain  IiiHlitiitiim; 

From  balance  of  1893-9t $0.10 

Prom  tutlsnce  of  1894-95 2.01 

Prom  appropriation  for  1895-96 17,000.00 

$17,002.11 

Aortli  American  Ethnology: 

From  balance  of  last  year,  .Inly  1,  1890 6,680.15 

From  appropriation  for  1895-96 40,000.00' 

45,680.16 
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X(,1I  BEPOBT  OF  THE   E.TBCCTIVE  Pomm-ntK 

rn^nrvntlnn  at  fnUeKliatuk^Uwitmm: 

Vntat  liBlAnnaof  ISIO-M »235.a7 

I'mm  Ulwico  nf  ISM-er. 4.3BO.W 

rr-ini  »niiropri«tion  fnr  ISOV-HS 143.225.00 

•144411  li 

l^lnlliiK     MiiMiim: 

lV.'m  linUniT  i>r  INM-flT. 37.82 

ri"«ni»|.|.rnpTlfttiourof  l«B-'Jfi 12.000.00 

J2,037.a 

t  .....ILitf  mill  llxtiirM— Miiwiim: 

t,>i«iWl«i..-»"nKtlt-fM .08 

tVonilMtlniirfinr  tWI-PB 897.43 

l>,sni  iprnmriiittim  for  I8U"i-l« 12,500.00 

(i,,,„"a  ■»<"'  liaiiHnji.  •!<■.— Miim-ni" : 

». Misnw..r  IWVt-iM .76 

I  ,„...  tvti.int'vni  I«M-1« 1,445.07 

1^ ...iMvuitittion  fotlNT>-»J 13,000.00 

^  14.44S.83 

t    ...  ,'.<  «>-\V''snw,  rti-,— Mhwiiio: 

tv K.-,-,v*rf  I'^H  *    ^"* 

j^  ,„ .,  ,^  n^isw-wi aoaoo 

^^    '  '.   ,   . ,»  ^M  ISM-Jft 13-29 

I  .  „,  ...^-  -Ml  (W-W 4,000.00 

4,013.3 

^  .....     -v'.v,*,  240.66 

^  v      ..  V-  A-  1,083.96 

i  ,    .   -   .    -w-v.',«   55,000.00 

'  !i6,32).62 

t  ,    ,  V    V,  ^v    V  ^,i^j-,.»",)''*r*..nititrii-(nf  Columbia: 

^  ,  ,,    ......^  -jw.^-** 2,Zat.G7 

J  .  .v....  -"V  iM-w.  «ii>l  N'iiliOBsl  Hnaeiim; 

^  .,      ..^  ■..{■t.  .fv.   XOO-W 

y            ,  .       ,          V  .,      >.    v..    .)..,.!  .*T,  JtiS1;HHk*«: 

^  .  .    V    V  19.02 

,  .  ,.   V  1.585.01 

.  ..      .x.„-   >v  9,000.00 

'  •  IO,594.0S 

.   .    \      ,  ,    .     *,  13i871.35 

17,002.11 

,  .,  4.vfi».15 

...,■,.,    ...  I4.<<.III.15 

lirtST.ja 

.   ...    ,     ,  .^,    ,o  ,. lS.liC.5S 

\,.  ,1    ,  V  ,.,    .1 ,  ..  ,_.    i(.i*s.ia 

%*   ",-,1.^'  ■.,■  SC-JJ 

.V  , , , ,  Sflfl  » 

■■■.»*    "..  ...   I      ■      -^  4.ftU.» 

-  .,   . .  iW(i  » 

.*■,  '-«.(«(■'..»■,>■>.,  -L  ,,     m.SA.es 

■*i  v>Qw«>'bH..>       ,  11.  JW4  flR 
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REPORT    OF   THE   EXECUTIVE   COMMITTEES  XLIII 

The  committee  baa  exatDined  the  voachers  for  pnjinent  Troin  the 
Smitbsonlan  income  daring  the  year  ending  Jane  30,  1S96,  each  of 
which  bears  the  approval  of  the  Secretary,  or,  iu  his  absence,  of  the 
acting  secretary,  and  a  certificate  that  the  materials  and  services 
charged  were  applied  to  the  parposes  of  the  Iiistitntion. 

The  committee  has  also  examined  the  accounts  of  the  several  appro- 
priatiuDS  comtoitted  by  Congress  to  the  Institation,  and  finds  that  the 
balances  hereinbefore  given  corresjKtnd  with  the  certificates  of  the  dis- 
horsing  clerk  of  the  Smithsonian  Institation,  whose  apiiointmeiit  as 
sQch  disbarsing  officer  has  been  accepted  and  his  bond  approved  by 
the  Secretary  of  the  Treasury. 

The  qnarterly  accounts  current,  the  voachers,  and  journals  have  been 
examined  and  fonud  correct. 

Slattmnl»/  regular  incmnf/rom  ike  SmilMtomian  f and  aeaili^lt /ariu*  in  the  gtar  ending 
Jnne30,l897. 

fi*Unr«  OD  b»Dd  Jnne  30,  1896 907,065.78 

(loeloding  ca«b  from  fxecatore  i.f  .1.  H.  Kidder) $5,000.00 

(iDcloding  cash  tntm  Dr.  Alex.  OTabsiu  Bull) 5,000.00 

to,  000. 00 

InlCTMl  due  and  receivable  JDlrl,I89G 27,360.00 

IntcTMt  dne ftnd  rec«ival>1o  JiiDiinr;  1,  189T 27,3li0.00 

Inlerrat,  West  Shorn  Railroad  bonds,  diifl  .Inly  1,  189U WO.  00 

lutonat.  West  Shore  B»ilroiMll)ODdB,daeJaniinry  1, 1897 840.00 

58,400.00 

Total  available  Tor  tho  yeikf  ending  Juno  30,  1897 1I3.4G5. 78 

li«8pectfally  submitted. 

J.   It.   II&NDBBSOIf, 

Wm.  L.  Wilson, 
Gardineb  G.  Hubbard, 

Hxeculive  Committee. 
Washington,  D.  O.,  January  18,  1897. 
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ACTS  AND   RBSOLUTIONS  OF  CONGRESS  RELATIVE  TO  THE 
SMITHSOmAN  INSTITUTION,  NATIONAL  MUSEUM,  ETC. 

(In  coatinnation  from  previous  reports.) 


[Fifty-fuartb  Coogrms,  tiret  aotHiOD,  December  2,  1895,  to  Jiiue  tl,  1896.] 

SMITHSONIAN   INSTITUTION. 

Bfiolved  bt/  lA*  Senate  and  Souse  of  Representatives  of  tke  United 
States  of  America  in  Cimgress  assembled,  That  tlie  viu^aucy  in  the  Board 
of  Regents  of  the  Smitbsouiaii  lustitntion,  of  tlie  clans  otber  than 
Members  of  Congress,  sliall  be  lilled  by  the  appuiiitmeiit  of  William 
L.  Wilson,  of  the  State  of  West  Virginia,  in  place  of  Hf  nry  CopjH'-e, 
deceased.  (Joint  Resolution,  approved  Jannary  14,  1890,  Statutes  of 
the  Fifty-fonrth  Congress,  p.  461.) 

INTEENATIONAL  BXCHAHaES. 

International  Exchanges. — For  ex|>e»8es  of  the  system  of  international 
exchanges  between  the  United  States  and  foreign  i^onnCries,  under  the 
direction  of  the  Smithsonian  Institution,  indnding  salaries  or  compen- 
sation of  all  necessary  employees,  nineteen  thousand  dollars.  (Sundry 
civil  appropriation  act,  approved  June  II,  1896,  Statutes  of  the  J-Hfty- 
fourth  Congress,  p.  425.) 

United  States  Geological  Survey. — For  the  purchase  of  necessary  books 
fbrthe  library,  and  the  payment  for  the  transmission  of  pnblic  docu- 
nents  throagh  tbeSmithsoniauesehange,  two  thousand  dollars.  (Sun- 
dry civil  appropriation  act,  approved  June  11,  1896,  Statutes  of  the 
Fifty-fourth  Congress,  p.  436.) 

War  Department. — For  the  transportation  of  re|>orts  and  maps  to 
foreign  countries  through  the  Smithsonian  Institution,  one  hundred 
dollars.  (Sundry  civil  appropriation  act,  approved  June  11,1896,  Stat- 
ntes  of  the  Fifty-fourth  Congress,  p.  444.) 

Saval  Observatory. — For  repairs  to  buildings,  fixtures,  and  fences; 
fnniitnre,  gas,  chemicals,  and  stationery;  freight  (including  transmis- 
sion of  public  documents  through  the  Smithsonian  exchange) ;  foreign 
postage  and  expressage ;  plants,  fertilizers,  and  all  contingent  expenses, 
two  thousand  five  hundred  dollars.  (Legislative,  executive,  and  Judi- 
cial appropriation  act,  approved  May  28, 1896,  Statutes  of  the  Pifty- 
toorth  Congress,  p.  IBC.) 
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XLVI  ACTS    AND    RESOLITIOMS   OF   COHGKESS. 

I'atrml  OjJlCT'.— F«r  purchase  of  profesgjonal  and  scientiSc  books,  ami 
e\|K>iiwM  lit"  lraii8i)ortiuK  pablicatioua  of  patents  i»8a«d  by  the  I'atent 
IHllw  to  foreign  governments,  two  thousand  dollars.  (Legislative, 
oxwnitivi'.  und  judicial  appropriation  act,  approved  May  26^  1896,  Sta^ 
iiIeK  (•!'  the  Fitly-fuortli  Congress,  p.  170.) 

RATIONAL  MUSEUM. 

I'or  WW!*,  fbmiture.  fixtures,  and  appliances  required  for  theeshi- 
MMi>n  (Mid  (irtlVkw-'ping  of  the  collections  of  the  Xational  Mnseum, 
Ilii-lili)iii)r  Hiilitrit>»  or  cumiieusatiou  of  all  necessary  employe^  Meeu 

I'd-  v\|H>«se  of  heating,  lighting,  electrical,  telegraphic,  and  tele- 
it|i«iiit>  MTvi^T  for  the  National  Museum,  thirteen  thousand  dollars. 

\'V\-  it»ittmilng  the  preservation,  oxbibitiou,  and  increase  of  the  col- 
li>i'Hi>iit  H>»in  tl»'  ««r«'ying  and  esploring  expeditions  of  the  Goveru- 
ItirnI  und  Ibtni  other  ioiurces,  including  salaries  or  com|>eusation  of  all 
lii't'iii'ti  V  t>in|>lim'Os.<Mic  hundred  and  fifty-tbree  thousand  two  hundred 
iltid  tttvitiv  H\v  dollars. 

I'lM  iviitiiw  t<i  tmiMings,  sho|>s,  and  sheds,  National  Musenm,  includ- 
Hti>  III!  lH'ci^t-*;'**"  l;<l*'*f  »"'*  material,  four  tlionsaiid  dollars. 

I i'Ki  n-m  of  wiirkshoivs  for  the  National  Museum,  two  thousand  dol- 
I.H.- 

|i  III  ititul  HHV  -it  iintpx  iUiil  ti>mgn  iwstal  cards  for  the  National  Museum, 

liil  (III'  I'tii-lixin  \\f  )r:)l)<>rteei  in  two  or  more  halls  of  the  National 
■'lii'i  Hill  >iiilltliiii),  "iiid  fr^lWitvs  to  be  constructed  of  iron  beams,  snp- 
|,':ii).i|  III  liiiti  imIIiH)*.  i*"d  pn»t<Tled  by  iron  raibngs,  and  provided 
iMi  .Mtii.|liti>  .ii!iitvi)*i>^l1i>>  work  t<i  bo  done  under  llie  direction  of  the 
-  "  Itlli  1 1  Ht  tliK  t'liptliil.  :tni1  in  aoconlance  with  the  approval  of  tlie 
I  iiiiiit  III  itii'  MnMll):«<^nian  Institution,  eight  thousand  dollars. 
I'    Jijifii  i|i  II  .i|i|ii>t|>il<ili<«n  n>'l.ap)>roved  June  11, 1S96,  Statutes  of  Uie 

'nil,.!.'..'.,   (HIUV  4'J.Vl 

iiiuii  iTti'f  iioflinp. — V^>r  the  Smithsonian  Institntion,  for 
i»<iiii|  lititoKi.  nnd  titr  the  "Bulletins"  and  annual  volumes 

mIiii,!'"  >t(  (bi>  Nitlional  Museum,  the  editions  of  which 
I'  '«  lli'tii  tlii->-<>  ilKiitsaml  copies,  and  binding  scientilic 
>Mii|ilili't'<  fii<»»'iitiil  1o  iuid  acquired  by  the  National 
II )   Mii'hi'  ili.tifiiitd  dollars.     (Sandry civil  appropriatiou 

Imii'  II.  I'liHi,  ;*li»(niog  i>f  Ihc  Fif^-fourth  Congress, ii- 

Id-  ^oit.iiiiil  Mimi'imi  to  rcl^ind  to  the  Ilouorable  A.  1). 
I  «>■  til  t.tt  ol  lti»  K>>|iul>1ii>  of  Nicaragua  at  New' York,  the 
i-ii'l  liy  liliii  III  I'oiiiio'f  ion  with  the  transportation  of  a 
iiiH-(iii'  (KiHoi  \  lit  VX  iioliiiielon  <-ity,  said  collection  being 
>  I'll  'ii|i'ii<  of  <li<'  ti'<>|>iili]i<'  of  Nir^ragna  to  the  National 
|i  hh  <lt<>  Pfi  \  Wf  1)1  Uv  fitw'^I  j-oar  «gb(eeo  bafidred  and 
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ACTS   AND   RESOLUTIONS   OF   CONGRESS.  XLVII 

ninety-five,  oiio  1iuiit1rc<l  »ud  twenty  dollars.  (]>eficieucy  appropria- 
tion act,  approved  June  8,  189fi,  Statutes  or  the  Fifty-fourth  Congress, 
p.  379.) 

NORTH   AMBBIOAN  ETHNOLOaT. 

For  contiuaiQg  othnological  researcliut)  amoug  tlie  American  Indians, 
Diider  tbe  direction  of  tlie  Smitliiiouiau  Institution,  including  salaries 
vr  compeosatiou  of  all  necessary  employees,  forty-five  thousand  dol- 
lars, of  which  sum  not  exceeding  one  thousaud  dollars  may  be  used  fur 
rent  of  building.  (Sundry  civil  appropriation  act,  approved  June  11, 
1896,  Statutes  of  tbe  Fifty-fourth  Congress,  p.  125.) 

Claimg  allowed  Ity  the  Auditor  of  the  Treasury  D^arttaent, — For 
North  American  Ethnology,  Smithsonian  luHtitutiou,  four  dollars  and 
seventy-seven  cetitK.  (Deficiency  appropriatiim  iu;t,  approved  June  8, 
1894),  Statutes  of  tbe  Fifty-fourth  Congress,  p.  307.) 

ASTBOPn^SICAL   OBSBEVATOET. 

Fur  niaiutenaDce  of  Astrophysical  Ubservatory,  under  the  direction 
of  the  Smitheooiaii  Institution,  including  salaries  of  assistaatit,  appa- 
ratus, and  miscellaneous  expenses,  ten  thousand  tlollars.  (Sundry 
civil  approitriation  act,  approved  June  11, 1896,  Statutes  of  the  Fifty- 
fourth  Cou  gross,  p.  426. 

NATIONAL  ZOOLOGICAL  PAEE. 

For  continuing  the  construction  of  roads,  walks,  bridges,  water  sup- 
ply, sewer^e,  and  drainage,  and  for  grading,  planting,  and  otherwise 
improving  the  grounds,  erecting,  and  repairing  buildings  and  inclos- 
nres,  care,  subsistence,  transportation  of  animals,  including  salaries 
01  coni]>cnsatioii  of  all  uecesKary  employees,  and  general  incidental 
ex]>cnsee  not  otherwise  provided  fur,  sixty-aoven  tbousHn<l  dollars; 
one-half  of  which  sum  shall  be  paid  from  the  revenues  of  the  District 
of  Columbia  and  the  other  half  from  the  Treasury  of  the  United  Suites ; 
and  of  the  sum  hereby  appropriated  five  thousand  dollars  shall  be  used 
for  continuing  the  entrance  into  the  Zoological  I'ark  from  Woodloy 
lane,  and  Oiwning  driveway  into  Zoological  Park  from  said  entrance 
along  the  bank  of  Itock  Creek,  and  live  thousand  dollars  shall  be  used 
toward  the  construction  of  a  road  from  the  Uolt  Mansion  entrance  (on 
Adams  Hill  road)  into  the  park  to  connect  with  tbe  roads  now  in  exist- 
ence, including  a  bridge  across  Itock  Creek.  (Sundry  civil  appropria- 
tion act,  approved  June  11, 1890,  Statutes  of  the  Fifty-fourth  Congress, 
p.  425.) 

For  repairs  to  the  Holt  Mansion,  to  make  the  same  suitable  for  occu- 
pancy, and  for  ollice  furniture,  including  tlie  Recounts  set  forth  here- 
under in  House  Document  numbered  Tbree  liundre<land  twenty-four 
of  this  sessiou,  four  hundred  and  twenty-six  dollars  and  flfty-aeven 
cents, 
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\t.\m  ACTS   AHD    KESOLT-nySEF  ■ 

*ISt  loliiilmrHO  tbe  SinitbaoniaB  faW  hm  a 
liiUir  Hint  iiiHlrrlulH  for  reioira  orzfMtij  * 
ul'  llin  Holt  MitiiHiuii,  iiiuludiDg  tbe  i 
lltilino  lhHniiii9iit  iiiiiiiliered  Three  haBdrai  lad  nsvatf  iia«r  of  tkii 
iii>iik|oii,  i'duv  liiuuln-d  iiiiil  uinetf-Dne  4aUw»  wmi  fcctj-ive  «ati<. 
llVltt'lii|ii<.v  »|>)im|)rlitCloii  Hct,  approved  Jaae  >.  liMfi.  Sondes  of  ti 

ruij  itmtdi  tvimii'HH,  |i.  270.) 

OHA.ua   EXP08ITI0H. 

\'it\t>  livt  ^w  Vi^l  IV  kolliorUn  nnd  eiicoiirsK*  tl»  boMiM!  af  a  tf  iwiMbaif 
«»,(  ><.ft-<>..tl Liiial  v\|Hi«l(iiiii  at  the  cily  nf  Omalt^  in  the  Scat*  vf  Xotewka, b  1 
\i<4i  v>k'><>~*»  IiiiimUimI  Ki»l  niuety-uight. 

\\  ttm^\)x«l  i!>  iliviiratilc  (ikoi)countge  tlie  holding  of  a  transmisaisaii! 
At'>1  M<i\>i>i.«ut>it<tl  (^\)HKtiti(tii  at  the  city  of  Om^a,  in  the  State  o(  | 
\,.'."  .xV»v  *H  On*  jvvtr  wj:ht<?eii  huodred  and  ninety-eiefat,  for  the  I 
^^v^  :>  .^'M  >vi  iii«>  (v<i>i«»r\>>s  of  tlie  I'uited  States  of  America  and  the  I 
|Mv-»  vvt  «tAt>-«i'>!  .tihMi  of  the  Western  Hemi8iibere,and  for  adisplaj-  I 
^it  ,hi>  tox  ;.yl.ii;-.MV«snuuiiit'»otur«A.aDd  productsof  theaoil,inJDe,aiid  1 
«v*     » ■.! 

\\    ,^v^tx  -1  'xit.vvu.^'^V  th.-ti  an  pxUibitioii  shall  be  made  of  the  great  ' 
.    w  ^^    1  >'  :  ( -v-:-:xvtsst|«it(  i\>^iou  which  contributes  so  lai^ely  to 
^,      ,.,  s  *  ,5      .V   -«;\v.*U>*on»H«n-t';  »ud 
\y    ,.v»v  ,  ,v>.    -i\^'f>-  t  >ln»«hl  be  giveu  to  an  exhibit  of  the  arts, 

.,.^  . ,,    .  ..  ;j,  >■«.  *'>!  t>n^t«rl», illastrative of  the  progressand 

,  y  ^  ,     .  ,  .  ■».*,.,-,■<:  :4ivi;i>ns  of  the  country ;  and 

y\      sv  V  V  ■    >  ,  \"    ■    ■  ■'  ^^■■v/.i  !*  n»tioual  aa  well  as  iuternatioual 

1  .  *   x-.    .   •"•.'».  ;>>■  5*v'v>  ".rf  this  country,  of  Mexico,  the 

...       v   ■   »    V"v.  vit  t\-\v<^a»««t&.  and  other  States  of  the 

,  .      „  .  V    ^■  -..  *  ■■•  ^;^■>;>.i.  tl»*«iefiw*,  have  the  sanction  of 

,y  _         _   ,„    ,  ,^  , .,.  T      ;v  i  .^yix  Snteficial  to  bring  togetlier 

-  >-   •     v   K--,  »;  ■  iv-Tir*;  |<t>«ition  in  the  ves tern 

,^    V  .  vv     >   -vv.  .*;  .-^  :i«  VfitJ  States  and  other 

.  y  ,  ,     .,  ,.,,.  vvN.^.   .■•  ■■>.   ••  ;-r«Ji:'.'-:Ju  Exposition  Associa- 

,    u  ,,.  ^„  I  ,v^«  '.ii^  ^fsp-..s:-.!f  OB  the  first  day 
>  .  ,,    .^    *■'.   >  "'>-.■  -p^i*  fc''^  cj.TSMg,oo  the  first 
^     '  ,    ..^„  1,...-..  ..-..  i.iiwox-^Vi;  TWrefore, 


.'Watia.  in  tke  State 
itfi:^  «tc^  nader  the 


.>   )w  ^iilr  te-  any  of 
i.xnu.  MC  ^7  nWDB  of 
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Sbc.  2.  That  all  articles  irbich  shall  be  imported  from  foreign  coim- 
tries  for  the  sole  parpose  of  exhibitioii  at  said  exposition  apon  which 
tliere  shall  be  a  tariff  or  castoms  duty  shall  be  admitted  firee  of  payment 
of  daty,  costoms  fees,  or  charges,  auder  soch  regnlatiou  as  the  Secre- 
tly of  the  Treasury  shall  prescribe ;  bat  it  shall  be  lawM  at  any  time 
during  the  exhibition  to  sell  for  delivery  at  the  close  thereof  any  goods 
or  property  imported  for  and  actually  on  exhibition  in  the  exbiUtioii 
building,  or  on  the  grounds,  subject  tn  such  regulation  for  the  secnrity 
of  the  rereoue  and  for  the  collection  of  import  duties  as  the  Secretary 
of  the  Treasary  shall  prescribe:  Prorided,  That  all  such  articles  when 
sold  or  withdrawn  for  consamption  in  the  United  8tat«s  shall  be  sub- 
ject to  the  dniy,  if  any,  imposed  upon  snch  article  by  the  revenue  laws 
in  force  at  the  date  of  importation,  and  all  penalties  prescribed  by  law 
shall  be  applied  and  enforced  against  the  persons  who  may  be  gnilty 
of  any  illegal  sale  or  withdrawal. 

Seo.  3.  That  there  shall  be  exhibited  at  said  exposition  by  the  Got- 
ernment  of  the  United  States,  'rom  its  Execntive  Departments,  the 
Smithsonian  Institution,  the  United  States  Fish  Commission,  and  the 
National  Museum,  sach  articles  and  material  as  illnstrate  the  function 
and  administrative  faculty  of  the  Government  in  time  of  peace,  and 
its  resources  as  a  war  power,  tending  to  demonstrate  the  uatnre  of  our 
iostitntions  and  their  adaptions  to  the  wants  of  the  peoplej  and  to 
secnre  a  complete  and  harmonious  arrangement  of  such  Government 
exhibit  a  board  shall  be  created,  to  be  charged  with  the  selectiou,  prep- 
aration, arrangement,  safe  keeping,  and  exhibition  of  snch  articles  and 
materials  as  the  heads  of  the  several  Departments  and  the  directors  of 
the  Smithsonian  Institution  and  National  Museuiir  may  respectively 
decide  shall  be  embraced  in  said  Government  exhibit.  The  President 
may  also  designate  additional  articles  for  exhibition.  Such  board  shall 
be  composed  of  one  person  to  be  named  by  the  bead  of  each  Executive 
Department  and  Moseam  and  by  the  President  of  the  United  States. 
The  President  shall  name  the  chairman  of  said  board,  and  the  board 
itself  shall  select  such  other  officers  as  it  may  deem  necessary. 

Sbc.  4.  That  the  Secretary  of  the  Treasury  shall  cause  a  suitable 
building  or  buildings  to  be  erected  on  the  site  selecteil  for  the  trans- 
mississippi  and  international  exposition  for  the  Government  exhibits, 
aud  he  is  hereby  authorized  and  directed  to  contract  therefor,  in  the 
snme  manner  aud  under  the  same  regulations  as  for  other  public 
buildings  of  the  United  States;  but  the  contract  for  said  building 
or  buildings  shall  not  exceed  the  sum  of  fifty  thousand  dollars.  The 
Secretary  of  the  Treasury  is  anthorized  and  required  to  dispose  of  snch 
building  or  buildings,  or  the  material  composing  the  same,  at  the  close 
of  the  exposition,  giving  preference  to  the  city  of  Omaha,  or  to  the  said 
Transmississippi  and  International  Exposition  Association,  to  purchase 
thesame  at  an  appraised  valne  to  be  ascertained  in  such  manner  as  may 
be  determined  by  the  Secretary  of  the  Treasary. 
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:.••  ;».  '^    ?     '____■. _-  t^ir  -••^-jm  ic  iirzia*» briuoging 

■  ■      .-  «     .     ;•■  --r-..,i.-ir  -■—     -.  .;   ,    ■-_-'  •iir^zi-.ijmc  «X?«c.-«S  M  be 

■  ■■■.-■.t-i.  ^.     "1.^  '■-...    -"-T    -   -^  .     ti^.-inir   >r   itElil  14^  ^hall  not 

-■^■---1    -..•'   .--Ta    .r    :: :.   -.-..^  1    .  ■  "-r^     ii-r  -iual  ij.*  «x{i«i$es  of 

<:.,i'  .■■■' -r-,:„r-.'  -:...  r  •  --■  1  «  i  -''r; — iiii-n>-*  :i.(L3i»«MeiJ  Iliere- 
T  :  1.  !ii':;.'L.  ^  ':.i*  "i-.^-;  -r",.;.  .  ■:  -*.u.f  ">  •i];iaik  wi/i  i'xn  Omaba 
•.I  '  n..  .-.r'. '.-  •■:. — I  "_f  -~.:-  r  ■  :t?  i;;::i.r— L  Kni.  i^li«jai»iMl  dol- 
jii-'.  i.i!"ii;.  .n J  .1  i.l  -■  :■  -  -;.— — ..::^  ■  itt  -iim.  ic  tT'>  i-:^.ire«l  tboa- 
«...  ;. 'l.i.-t  ."-"--..(,  r.-.r  .11  :...!  r- upi-nrfc  ■Li«?  •>:  T«2awnt  shall 
V  ,  .'n— "I.  i::.i  1.,  ■'■-.-•^.■.■^-•.7-^  .r  1:.  rp-  -m.t^  -.i_*  Act  shall  be 
ai.i.irt,  tu^'  .  'u-  (fii -Tt  T  -^. ,  '— "-crtia  iuii,!  iiii*  fuTu^bed  the 
A»«r»-r^,"7  f"  -  .f:  r.— 4.-ir"  irn'Ri  -<  .;.3  -tirjsi^rzjji  "li^z  ;i*re  Las  been 
',',"i  .>-!:  -, ,•  *^iL  *-r^«-*i"j  a.  -i-^t  rimia  «L:ntr:  c:i:cij§of  ^:(X-k  in  good 
U.' ..  •>-,r.-."."..':-j-.i;^.  :■  q;i.~i:i;i.  ir  i-'^r-ir'r.azics  irir^  *i:  soorces  for 
'..*'.  ;.-.ry*-*n  -i  t.i-ii  *!;■  -ii  a  i  *!;ji  i.rrr?-ri~- r  i^  *  less  than  two 

.-fc-.,  f,.  TV..-  -.«  ■^tnr.-'-.iL  1  '-.■j_:~i  --■:«  :Li~  AMsliallnotbe 
w.'.'.w:  V/  a.-. J-  'yjc:.t*o-:  ■  _  :'  ■•  :'-'--  •'i^rr,;,i^  ^s::  of  ibe  Treasnry  of 
l\i*:  t'i,.'Mi  ri'A-tr*.  ^i'^-:  ;_T.r  i-:':;.i;  -i;«ei.i«e»  :'.>r  traD^portation  and 
tt  t-Mvnin-A*;  "zm  V>  ':.■*:  diei  \j  :'-~  Sn;r*TAry  of  The  Treasury  for  snb- 
Ni>:ii-r>'-(;  Uit  t^ii'i:  fiij  :Ley  ary-  :.^:*-io^t:-.lT  a'**Lt  from  home  on  the 
lfriMiiii;rH  »tt  imA  irtui.n.l'^-io:..  Ti.e  «i±..^rs  of  said  comtnissiou  shall 
n-ii'ivt:  mjcJi  cjiiuju-ii-if.lo:.  a<  m.tr  i.tr  tied  l>y  said coaiDiission, subject 
(it  lln!  ii|)provdl  «f  tlie  SftiTetary  of  tl.e  Treasury.  vbicL  sball  be  pwd 
(Mil,  lit  tin;  niirfiN  aii[tr<tiiriated  by  Congre?;.*  in  aid  of  snch  cx]>osition. 

Mk<!.  7,  That  Miwlals,  witb  afiproprinte  devices,  emblems,  and  inscrip- 

l.lniiH  1^(1111  tiii;rnorative  of  Kaid  trausmississippi  and  international  exposi- 

ll'Pii  Ktid  of  lli«  awanin  to  be  made  to  the  eibibitors  thereat,  Bball  he 

|(i«|iiti'i-d  III  wtme  mint  of  tbe  United  States,  for  the  board  of  directors 

t  to  the  provisions  of  tbe  fifty-second  section  of  the  eoia- 

litiiflti  hundred  and  ninety-tliree,  upon  the  payment  of  a 

tliiin  the  cost  thereof;  and  all  the  provisions,  whether 

wim-,  of  Hiiid  coinage  Act  against  tbe  coonterfeiting  or 

'oiiiK  of  the  United  States,  shall  apply  to  the  medals 

iiimI  tinder  this  Act, 

:.  Ilio  I'liitrd  States  shall  not  in  any  manner,  nor  under 
nvH.  lio  llrtblo  for  any  of  the  acts,  doings,  proceedings,  or 
N  «r  mU\  Tninsniissisaippi  and  International  Exposition 
»  olllwf!*.  l^^ent'>.servnnta,o^  employees,  or  any  of  tbeoi, 
MlMvioM.  iHlwr,  or  wages  of  said  officers,  agents,  serv- 
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ants,  or  employees,  or  any  of  tbeto,  or-  for  any  sobsoriptions  to  the 
capital  stock,  or  for  anj-  certificates  of  stock,  bonds,  mortgages,  or 
obJigatioDs  of  any  kind  issued  by  said  corporatioD,  or  for  any  debts, 
liabilities,  or  expenses  of  any  kind  whatever  attending  SDch  curi>oration 
or  accraio^  by  reason  of  tlie  same. 

That  uotbiog'  in  tliia  Act  shall  be  so  construed  as  to  create  any 
liability  of  the  United  States,  direct  or  indirect,  for  any  debt  or  obli- 
gation incurred,  nor  for  any  claim  for  aid  or  pecaoiary  assistance  from 
Congress  or  the  Treasury  of  the  Unit«d  States  in  sopjiort  or  liquida- 
tion of  auy  debts  or  obligations  created  by  said  commission  in  excejss 
of  appropriations  made  by  Congress  therefor. 

(Approved,  Jane  10, 1896,  SUtateaof  the  Fifty-fotirtb  Congress,  hist 
session,  p.  382.) 
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RKPOKT 
S.  P.  LANGLEY, 

SKUKKTAKY  OK  THE  SMITHSONIAN  INSTITUTION, 
FI)K  THE  YEAR  ENDING  Jl'NE  30,  ISM. 


To  the  Board  of  RegenU  of  the  Smithtonian  Institution, 

(iBNTLEXEn:  I  bave  tbe  honor  to  sabtnit  herewitb  a  report  of  the 
operations  of  tbe  SmithBooiaD  iDStitiitioo  for  the  year  eudiiig  Juue  30, 
1396,  incloding  the  work  placed  by  Congress  uuder  its  supervision  iD 
the  National  Maseam,  the  Bureau  of  Ethuology,  tbe  Bureau  of  iDteraa- 
tional  Exchanges,  the  National  Zoological  Park,  and  the  Astrophysjcal 
Observatory, 

I  have,  as  is  customary,  given  briedy  in  the  body  of  the  report  an 
account  of  the  affairs  of  the  Institution  and  of  its  bureaus  for  the  year, 
reserving  for  the  appendix  tbe  more  detailed  reports  from  those  in 
charge  of  the  different  branches  of  work. 

The  full  report  upon  the  National  Museum  by  tbe  assistant  secre- 
tary, Dr.  G.  Brown  Goode,  occupies  a  separate  volume  (Report  of  the 
Smithsonian  Institution,  National  Musenm,  1896). 

THE  SMITHSONJAN  INSTITUTION. 

THE  ESTABLISHMENT. 

The  Smithsonian  Establishment,  as  organized  at  the  eud  of  the  fiscal 
year,  consisted  of  tbs  following  ex  officio  members: 

OiEOTEB  Clbvelawd,  President  of  the  United  States. 
Adlai  E.  Stevenson,  Vice- President  of  the  United  Slates. 
Melville  W.  Fuller,  Ohief  Justice  of  the  Supreme  Court  of 

the  United  States. 
BiCHARD  Olhet,  Secretary  of  State. 
Jobn  G.  Carlisle,  Secretary  of  the  Treasury. 
Damiel  S.  Lamokt,  Secretary  of  War. 
JUDSON  Harhoh,  AttomeyOenerat. 
William  L.  Wilson,  Postmaster-General. 
Hilary  A.  Herbert,  Secretary  of  the  Navy. 
Hoke  Smith,  Secretary  of  the  Interior. 
J.  Stbblimg  Morton,  Secretary  of  Agriculture.  .-,  . 
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THE  BOARD  OP  BEGENl^ 


Id  accordance  with  a  reeolation  of  the  Board  of  Be^eats  adoj^ed 
JaDOary  8,  1890,  by  which  its  annaal  meeting  occurs  on  the  fourth 
Wedoesday  of  eacli  year,  the  Board  met  on  January  22, 1896,  at  10 
o'clock  a.  m.  The  journal  of  its  proceedings  will  be  foand,  as  hitherto. 
in  the  annual  report  of  the  Board  to  Gungreas,  though  reference  h 
made  later  on  in  this  report  to  several  matters  upon  which  action  was 
taken  at  that  meeting. 

On  December  18, 1895,  Senator  S,  M.  Cnllom,  of  Illinois,  was  rei^ 
pointed  Begent  by  the  President  of  the  Senate,  and  ou  December  2U, 
1895,  the  Speaker  of  the  House  reappointed  IIou.  Joseph  Wheeler,  nf 
Alabama,  aud  Hon.  B.  B.  Hitt,  of  Illinois,  and  api>ointed  Hon.  Bobert 
Adams,  jr.,  of  Peunsylvania.  Hon.  William  L.  Wilson,  of  West  Vir- 
ginia, a  former  Begent,  was  again  appointed  by  joint  resolation  of  Con- 
gress, approved  by  the  President  January  14, 1896,  as  successor  to  thf 
late  Dr.  Copp^e. 

The  Board  elected  Eon.  William  L,  Wilson  and  Hon.  Gnrdiner  Ci. 
Hubbard  as  members  of  the  executive  committee,  with  Hon.  J.  B.  Heu- 
derson  as  chairman. 

Formal  action  in  memory  of  Dr.  Oopp^e,  who  died  on  March  21 ,  189'i. 
was  taken  by  the  Begeuts  at  the  above  meeting,  when  the  following  - 
resolutions  were  unanimously  adopted : 

Whereas  the  members  of  the  Board  of  Begeuts  of  the  Smithsoninn 
Institution  are  called  to  mourn  the  death  of  their  colleague,  the  late 
Henry  Copp^e,  LL.D.,  acting  president  of  Lehigh  University,  for 
twenty  years  a  Begeat  of  the  Institution,  and  long  a  member  of  its 
executive  committee: 

Resolved,  That  the  Board  of  Begents  feel  sincere  sorrow  in  the  lass 
of  one  whose  iltstiuguished  career  as  a  soldier,  a  man  of  letters,  ami 
whose  services  iii  the  promotion  of  education  command  their  bightat 
respect  and  admiration. 

aeaolved.  That  in  the  death  of  Dr.  Copp^'e  the  Smithsonian  Institn- 
tion  and  the  Board  of  Begents  have  suQ'ered  the  loss  of  a  tried  aail 
valued  friend,  a  wise  aud  prudent  counsellor,  whose  genial  courtesy, 
well-stored,  disciplined  mind,  and  sincere  devotion  to  the  interests  of 
the  Institution  will  be  ever  remembered. 

Resolved,  That  these  resolutions  be  recorded  in  the  Journal  of  the 
Proceedings  of  the  Board,  and  that  the  Secretary  be  requested  to  send 
a  copy  to  the  family  of  their  departed  associate  and  frieud,  in  token  of 
sympathy  in  this  common  affliction. 

ADHINISTBATION. 

I  have  already  remarked  that  the  expeuses  borne  by  the  Institution 
incidental  to  its  administration  of  Government  tmsts  are  not  si>e- 
cifically  provided  for  by  any  of  the  present  appropriations,  and  that  1 
deemed  it  in  the  interest  of  economy  that  an  appropriation  be  asked  to 
cover  these  items,  which  can  not  bo  done  under  their  present  terms, 
no  decisive  action  has  as  yet  been  taken  in  this  matter. 
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On  Jane  16  the  President  of  tbe  TTnited  States  directed  that  the 
classified  civil  service  be  extended  to  ioclade  the  several  htireaaa  of 
the  Smithsonian  Institution,  and  in  accordance  therewith  the  employees 
of  the  Nattonal  Maseam,  Zoological  Park,  Bnreaa  of  Exchange^ 
Bnreaa  of  Ethnology,  and  Astrophysical  Observatory  were,  on  Jime 
30, 1896,  made  subject  to  the  civil  service  mlea. 

FINAI10B8. 
The  permanent  funds  of  the  Institution  are  as  foIloTs: 

Bdqueetof  SmUhsoa,  1846 ^15,169.00 

RMidaary  legacy  of  SmitluoD,  1867 26,210.63 

Deposits  froni  savings  of  incomp,  18B7 108,620.37 

BeqaMt  of  JamM  KsmiltoD,  1875 91,000.00 

Accomalated  intereat  on  Uamiltou  fund,  1896 1,000.00 

2,000.00 

Beqii««tof  Simeon  Hab«l,  1880 BOO.  00 

Depoaits  from  proceeds  of  sale  of  bonds,  1861 51,600.00 

Gift  of  Thomas  0.  Hodgkins,  1891 200,000.00 

PortiQuof  lesidaarrlegtwf.T.G.  Hodgkioa,  1894 8,000.00 

Total  permanent  ftuul 912,000.00 

The  Regents  also  bold  certain  approved  railroad  bonds,  forming  a 
part  of  the  fnnd  established  by  Mr.  Hodgkins  for  investigations  of 
llie  properties  of  atmospheric  air. 

By  act  of  Congress  approved  by  the  President  March  12, 1894,  an 
amendment  was  made  to  section  5691  of  the  Revised  Statutes,  the  fun- 
damental act  organizing  the  Institation,  as  follows: 

The  Secretary  of  the  Treasury  is  authorized  and  directed  to  receive 
into  the  Treasury,  on  the  same  terms  aa  the  original  bequest  of  James 
Smithson,  such  sums  as  the  Begeuts  may,  from  time  to  time,  see  fit  to 
deposit,  not  exceeding,  with  tbe  original  beqnest,  the  sum  of  $1,000,000: 
I'roriifed,  That  this  shall  not  operate  as  a  limitation  on  the  power  of 
the  Smithsonian  Institntion  to  receive  money  or  other  property  by  gift, 
betiaest,  or  devise,  aud  to  hold  aud  dispose  of  the  same  in  piomotion 
of  the  parposes  thereof. 

Under  this  section  5591  of  the  Revised  Statutes,  modified  as  above 
noted,  the  fund  of  ♦912,000  is  deposited  in  the  Treasury  of  the  United 
States,  bearing  interest  at  6  per  cent  per  annum,  the  interest  alone 
being  used  iu  carrying  out  the  aims  of  the  Institution. 

At  the  beginning  of  the  fiscal  year  July  1,  1895,  the  unexpended 
balance  from  the  income  and  from  other  sources,  as  stated  in  uiy  report 
for  last  year,  was  $63,001.74.  Interest  on  the  permanent  fund  iu  tbe 
Treasury  and  elsewhere,  amounting  to  (56,395,  was  received  during 
the  year,  which,  together  with  a  sum  of  $6,474.61  received  from  the 
aale  of  publications  and  from  miscellaneous  sources,  made  tbe  total 
receipts  $62,869.61. 

The  entire  expenditures  during  the  year,  including  $11,000  paid  (or 
prizes  awarded  from  the  Hodgkins  fund,  in  accordance  with  the  recom- 
mendation of  the  award  committee,  and  referred  to  in  my  last  report, 
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aiDoaDt«d  to  $68,805.57,  for  the  details  of  whicli  reference  is  made  to 
the  report  of  the  executive  committee.  Od  June  30, 1896,  the  balance 
in  the  Treasury  of  the  TTuited  States  to  the  credit  of  the  Secretary  for 
the  exi>enBes  of  the  Institution  was  (57,065.78,  which  includes  the  sum 
of  $10,000  referred  to  in  previous  reports,  $5,000  received  from  tlie 
estate  of  Dr.  J.  H.  Kidder,  and  a  like  sum  from  Dr.  Alexander  Graham 
Bell,  the  latter  a  gift  made  i)ersonany  to  the  Secretary  to  promote  cer- 
tain physical  researches.  This  latter  sum  was,  with  the  douor'H  cud- 
seut,  deposited  by  the  Secretary  to  the  ci-edit  of  the  current  funds  of  tlie 
Institution. 

This  balance  also  includes  the  interest  accumulated  on  the  Hodgkins 
donation,  which  is  held  against  certain  contingent  obligations,  besides 
relatively  considerable  sums  held  to  meet  obligati<ms  which  may  be 
expected  te  mature  as  the  result  of  different  scientific  iuvestigationeor 
puhlieations  in  progress. 

The  Institution  has  been  charged  with  the  disbursement,  during  the 
fiscal  year  1895-96,  of  the  following  aitpropriatlons : 

For  1  Otero  at  ioDul  Exi'bmiges 417,000 

Foe  North  AuiurkaD  ICthuology W,Oft) 

For  flre  protet^tjun,  Siuithsoaiaii  luetitution  and  Katioual  MiiBoiim SCO 

For  Uniteil  Stat«i  National  Museam: 

FreBervation  of  coJleftious 143, 2£ 

Furniture  aad  fixtures 12,500 

Heating  aud  lighting 13,010 

Foitage 600 

ReiiairHto  building 4,000 

Kent  of  worbslioiis 900 

For  National  Zoological  I'ark 55,000 

For  entrance  (ind  driveway,  Zoological  Park,  District  Coin mbi a 5,0Wi 

For  Aatrophysical  Obaervatory 9,01)0 

All  the  vouchers  and  checks  for  the  disbursements  have  been  exam 
ined  by  the  executive  committee,  and  the  exj)enditure8  will  be  found 
reported  in  accordance  with  the  provisions  of  the  sundry  civil  act£  of 
Octol)er  2, 1888,  and  August  5, 1892,  in  a  letter  addressed  to  the  Speaker 
of  the  House  of  Representatives. 

The  vouchers  for  all  the  expenditures  from  the  Smithsonian  fund 
proper  have  been  likewise  examined,  aud  their  correctness  certified  to 
by  the  executive  committee,  whose  statement  will  be  published,  together 
with  the  accounts  of  the  funds  appropriated  by  Congress,  in  that  com- 
mittee's report. 

The  estimates  for  the  fiscal  year  ending  June  30,  1897,  for  carrj-ing 
on  the  Government  interests  under  the  charge  of  the  Smithsonian 
Institution,  and  forwarded  as  usual  to  the  Secretary  of  tbe  Treasury, 
were  as  follows: 

Inti^inational  oxchanges $23,000 

Nortli  Anierioan  Ethnology 50,000 

NatiOQOl  Unaenm ; 

Preserratiou  of  collections 380,000 

Furniture  and  fiitnreo 30,000 
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National  Unsenni — ContinDed. 

Beating  aud  ligbtiog $15,000 

PoaUge BOO 

Galleriea 8,000 

Repairs  to  building 8,000 

Bent  of  worketiops 2,000 

NMioDal  Zoological  Park 76,000 

Aatrophysical  Observator] 10,000 

UTTILDINGS. 
The  crowded  condition  of  the  National  MuBeam  will  he  somewhat 
relieved  by  the  additiou  of  galleries  provided  for  nnder  an  appropria- 
tion of  $8,000  made  by  the  last  Congress,  but  there  ia  still  an  extremely 
urgent  it«ed  for  a  new  building,  as  stated  more  fully  on  a  subsetjuent 
page.  There  waa  also  granted  an  additional  appropriatiuu  for  rent 
of  storage  rooms  aud  workebops  for  the  Museum. 

BESBABCH. 

The  time  of  the  Secretary  is  almost  wholly  given  to  administrative 
dnties,  although  in  the  original  plan  of  the  Institution  he  was  expected 
by  the  Regents  to  personally  contribute  to  the  advanceiiieut  of  knowl- 
edge.' The  Secretary  has  continued  t«  give  what  opix>rtunities  he  conld 
spare  &om  tbe  admiuistrative  duties  and  what  he  could  contribute 
from  his  private  hours  to  the  investigations  which  have  already  been 
referred  to  in  previons  reiwrts. 

The  first  of  these,  upon  the  solar  spectrnm,  has  been  carried  on  at  the 
Astrophysieal  Observatory,  and  to  this  reference  is  made  more  at  length 
in  aoother  part  of  this  report. 

Tbe  second,  beginning  as  an  investigation  of  certain  physical  data  of 
aerodynamics,  has  arrived  at  an  intportant  stage  in  its  development. 

The  possibility  of  mechanical  Sight  was,  until  a  comparatively  few 
years  ago,  considered  a  visionary  one  by  most  men  of  science.  The 
writer,  who  was  led  to  an  opposite  conclnsion,  and  who  had  commenced 
experiments  before  he  became  connected  with  the  Institution,  published 
under  ila  auspices  in  1891  a  treatise  entitled  "  Experiments  in  aerody- 
namicB,"  which  gave  the  results  of  direct  exj^^riment  on  the  pressure 
of  the  air  on  inclined  surfaces,  showing  that  rules  hitherto  relied  on, 
partly  on  the  faith  uf  the  great  name  of  Sir  Isaac  Newton,  were  not  in 
fact  supported  by  a  direct  study  of  nature.  These  new  experiments 
gave  evidence  that  mechanic^  flight — that  is,  not  of  balloons,  but  of 
bodies  heavier  than  air,  impelled  and  supported  by  power — was  at  least 
theoretically  possible.  This,  however,  was  not  saying  that  such  machines 
conld  be  launched  into  tbe  air  and  made  to  continue  a  horizontal  course 
or  to  descend  to  the  ground  with  safety,  matters  to  be  determined  by 
trial  and  further  experiment. 

'  Saolred,  Ttiat  the  Sceretaff  continne  his  roaearcbea  in  physical  science,  anil  prc- 
MQtsncb  facta  and  principles  as  may  bo  devolnpeil,  fur  pnbliontion  in  Ibn  Sinitb- 
•anian  ContribalioDB.  Adopted  at  meetlDg  of  tbe  Board  of  Kegents,  Jiiniiiirr 
X,  tMT. 
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The  writer  baa,  daring  tUe  intervals  of  his  official  daties,  cootinned 
to  experiment  iu  tbis  manner,  nntil  be  has  reached  a  measare  of  snccesa 
vbicb  Beems  to  justify  bim  in  making  the  statement  here  that  mechan- 
ical flight  baa  now  been  attained. 

On  the  6tb  of  May  last  a  mechanism  bnilt  chiefly  of  steel  and  driven 
by  a  steam  engine  made  two  flights  each  of  over  half  a  mile.'  In  eacb 
case  the  process  was  wholly  mechanical,  there  being  no  sapport  from 
gas,  bnt  on  the  contrary  the  machine  being  a  thonsaud  or  more  times 
heavier  than  the  air  in  which  it  was  made  to  move.  Of  the  first  of  these 
flights  I  beg  to  give  a  statement  by  an  eyewitness,  Mr.  Alexander 
Graham  Bell,  which  was  communicated  in  French  to  the  Acad^mie  des 
Sciences  of  the  Inetitut  de  France,  and  which  appeared  as  foUows  in 
Kature : 

EXPERIMENTS   in  MECBANICAL  FUQBT. 

I  have  been  for  aome  years  engaged  in  iDvestigatiouB  connected  with  oerodromic 
probloma.  anil  particularly  with  the  theoretical  couditioDs  of  iD<!obuiical  Bight.  A 
portion  uf  these  hove  been  ptiblinbed  by  me  ander  the  titlee,  "ExperimentB  in  aefo- 
dyiiamicH"  aiid  "The  iutemal  work  of  the  wind,"  but  I  have  not  hitherto  at  taj 
time  described  any  aotnal  trials  iu  artificial  flight. 

With  regard  to  the  latter,  I  have  desired  to  experiment  until  1  reached  a  solntion 
of  the  nieobauical  difScnltiee  of  the  problem,  which  cooaist,  it  must  be  understood, 
not  only  in  siiatainiDg  a  heavy  body  in  the  air  by  mechanioal  menna  (althoagli  tbis 
difficulty  is  alone  great),  bnt  also  in  the  aotomatie  direction  of  it  in  a  hori<u>ntal  awi 
rectilinear  course.  Theao  difficulties  have  so  delayed  the  work  that  in  view  of  tli* 
demands  npon  my  time,  which  render  it  nncertain  how  far  I  c«u  personally  condnet 
these  experiments  to  the  complete  conclusion  I  seek,  1  have  been  led  to  Authoriu 
some  account  of  the  degree  of  success  which  luts  actually  been  attained,  more  par- 
ticularly at  the  kind  request  of  my  friend,  Mr.  Alexander  Graham  Bell,  who  hu 
shown  me  a  letter  which  he  will  communicate  to  yon.  In  acceding  to  his  wish,  and 
while  I  do  not  at  predent  deaire  to  enter  into  details,  let  me  add  that  the  aerodrome, 
or  "flying  machine"  in  question,  is  built  oltiedy  of  steel,  and  that  it  is  not  supported 
by  any  gas,  or  by  any  means  hot  by  ita  eteam  engine.  Tbia  ia  of  between  1  and  i 
borHepower,  and  it  weighs,  including  fire  grate,  boilers,  and  every  moving  part,  leM 
ttian  7  pounda.  This  engine  is  employed  in  turning  aerial  propellers  which  move  tb« 
aerodrome  forward,  so  that  it  is  sostained  by  the  reaction  of  the  air  under  ite  sap- 
porting  aurfacca. 

1  should,  in  further  explanation  of  what  Hr.  Bell  has  said,  add  that  owing  to  the 
small  Bcaleof  coustrnction  no  means  have  beeu  provided  for  condensing  the  steam  after 
it  baa  passed  Uirongh  the  engine,  and  that,  owing  to  the  conseqaent  waste  of  water, 
the  aerodrome  has  no  means  of  sustaining  itself  in  the  air  for  more  than  a  very  short 
time— a  difficulty  which  does  not  jiresent  itself  in  a  larger  constrnctloD,  where  ib( 
water  can  bo  condensed  aud  naed  over  again.  The  flighta  described,  therefore,  wen 
necessarily  brief. 

S.  P.  Langlxt. 

Through  the  courtesy  of  Hr.  S.  P.  Langley,  Secretary  of  the  Smithsonian  Instltn- 
tinii,  1  have  had  on  various  occasions  the  privilege  of  witnessing  his  esperimenta 
with  aerodromes,  and  especially  the  remarkable  saccesa  attained  by  bim  in  experi- 
ments, ma<le  on  the  Potomac  River  on  Wednesday,  May  6,  which  led  me  to  nrgehim 
to  make  public  some  of  these  resnlta, 

1  hwl  tho  pleasure  of  witnessing  the  anccMsfnl  flight  of  some  of  these  aerodromet 
more  than  a  year  ago,  but  Professor  Langley's  reluctance  to  make  the  reanlts  public 


'Since  tlie  preparation  of  this  report  this  result  ha*  beenikearlj  doubled. 
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at  thkt  time  prerented  me  from  asking  him,  oa  I  havo  dona  since,  to  let  me  ;;ive  un 
accoDut  of  irbat  1  aaw. 

On  tbe  date  named,  two  asceoaloDB  were  made  b;  tho  neTOilroiiio,  ur  so-called 
"flying  macliine,"  vrhirli  I  will  not  describe  here  further  than  to  say  that  it  appeared 
to  mu  to  bo  built  almoat  entirely  of  metal,  and  driven  by  a  st«ani  engine  which  I 
have  nnderetood  wna  carrying  fnel  and  a  water  mpply  for  a  very  brief  period,  and 
which  woa  of  extraordinary  lightnesa. 

The  aIiflolnt«  weight  of  the  aerodrome,  including  that  of  the  engine  and  al]  iippur- 
tenancea,  was,  as  I  was  told,  about  25  punnda,  and  the  distance,  from  tip  to  tip,  of 
the  sapportiug  •nrlUces  waa,  as  I  obaervcd,  about  12  or  14  feet. 

Tlio  methfMl  of  propnUioii  waa  by  aerial  screw  propelleri,  and  tbere  wna  no  gas  or 
otlirr  aid  for  liiting  it  In  the  air  except  ita  own  internal  energy. 

On  tho  occonion  referred  to,  the  aerodrome,  at  a  given  aigual,  atarteil  from  a  plat- 
form about  20  foet  above  the  water,  and  rose  at  lirat  directly  in  tho  focu  of  tho  wind, 
maviog  at  all  times  with  n-markable  steadiness,  and  snbsequently  Hwinging  around 
JQ  large  curvM  of,  perhaps,  a  kondred  yards  iu  diameter,  and  continually  ascending 
ontil  its  steam  was  e:ibaiisted,  when,  at  a  l.ipi<e  of  aboat  a  minute  and  a  half,  and  at 
a  height  which  I  judged  to  be  between  60  and  100  feet  in  the  air,  tbe  wheels  ceased 
tamiDg,  and  the  machine,  deprived  of  the  aid  of  its  propellera,  to  my  surprise  did 
net  fall,  bnt  settled  down  bo  softly  and  gently  that  it  touched  the  water  without  the 
IcMt  xhock,  and  was  in  fact  immediately  ready  far  another  trial. 

In  the  second  trial,  which  followed  directly,  it  repeated  in  nearly  every  respect  the 
actionaof  tbe  Rrst,  except  thai  the  direction  of  its  course  was  dJITerent.  It  ascended 
»g»ia  in  the  face  of  the  wind,  afterwards  moving  steadily  and  continually  in  large 
i-nn'es  atrompanied  with  a  rising  motion  and  a  lateral  advance.  Its  motion  wss,  in* 
fact,  so  steitdy  that  I  think  a  glass  of  water  on  its  surface  would  have  remained 
noepilled.  When  the  Hteam  gave  out  again,  it  repeated  for  a  second  time  tbe  evpe- 
rieoce  of  the  fimt  trial  when  the  8t«Km  hod  ceased,  and  settled  gently  and  easily 
down.  What  height  it  reached  at  this  trial  I  can  not  say,  as  I  was  not  so  faTorably 
placed  an  in  the  first;  bnt  I  had  occasion  to  uotice  that  this  time  its  conrtie  took  it 
over  a  wooded  promontory,  and  I  was  relieved  of  some  apprehension  in  seeing  that 
it  was  already  so  high  as  to  pass  the  tree  tope  by  20  or  30  feet.  It  reached  the  water 
one  minute  and  thirty-one  aeconda  from  the  time  it  started,  at  a  measured  distuice 
of  over  900  feet  from  tho  point  at  which  it  rose. 

This,  however,  was  by  no  means  the  length  of  its  flight.  I  estimated  from  tbe 
diameter  of  the  onrve  described,  ft«m  the  nnmber  of  turns  of  tbe  piopellers  as  given 
by  the  airtomatio  coiiuter,  after  dne  allowance  for  slip,  and  from  other  measures,  that 
the  actual  length  of  flight  on  each  oocasion  was  slightly  over  3,000  feet.  It  is  at  least 
Mfe  to  say  that  each  exceeded  half  an  English  mile. 

From  the  time  and  distance  it  will  he  noticed  that  tbe  velocity  was  between  20  and 
35  miles  an  hour,  in  a  conrse  which  was  constantly  taking  it  "np  hill."  I  may  add 
that  on  a  previous  occasion  I  have  seen  a  far  higher  velocity  attained  by  the  same 
aerodrome  when  its  coarse  was  horizontal. 

Ihave  DO  desire  to  enter  into  detail  farther  than  1  have  done,  bnt  I  can  not  bnt 
add  that  it  seems  to  me  that  no  one  who  was  present  on  tbis  interesting  occasion 
could  have  failed  to  recognize  that  the  practicability  of  mechanical  flight  had  been 
deaonstrat«d. 

Albxandrr  Graham  Brll. 

I  do  not  know  how  far  interest  in  tbia  vork  may  bias  my  judgment, 
bat  it  appears  to  me  tbat  ia  these  ttiinga,  irbose  final  accomplishment 
hag  come  under  the  charge  of  the  Smithsonian  Institution,  it  has  made 
a  coBtribation  to  tbe  utilities  of  the  world  which  will  be  memorable. 

Tho  results  of  Prof.  E.  W.  Morley'a  investtgationa  on  the  density  of 
oxygen  and  hydrogen,  referred  to  st  length  in  my  last  report,  have  beeu 
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fviuud.  M  ^vf  ah*  tboae  of  Drs.  Billiogs  and  Mitchell.    The  valuble 
ntcarrbt*  (rf  the  laner  geatleBea  are  b^g  eoDtinaed  ooder  sn  addi- 

7W  R=bscri]4a(Ni  ibr  &e  Astmnooiical  Joomal  has  been  oontinned. 
EXPLOBATIOyS. 

TW  lutcitaooo  has  coodnaed  to  carry  on  ethDological  and  natnnl 
li>;^«T  r\{>««rMi(Hw  daring  the  year,  to  irhich  reference  is  made  in  tbe 
i«-;>.cl-  of  iW  BvmMi  of  Ethnolngy.  I  may  call  special  att«DtioD  to 
tiK  <-i;-i'>r>:k>u«  »miMg  the  cliff  dwellings  of  Arizona  by  Dr.  Fevkes, 
and  ill  iLf  t«MTitury  of  the  Sen  lodiaDs  in  Mexico  by  Mr.  McGee,  u 
alft*  "U  ;!>*■  «-rsi«ru  coasi  of  Florida  by  F.  H.  CasbiDg,  vbere  abandant 
ixlk-s  of  iLf  t>rt-faisrtoric  &ge  were  discovered.  Dr.  William  L.  Abbott 
hae  oiniiutH^l  bi^  cntribations  of  nataral  bistory  and  etbnological 
sftwiaH-us  ci>lkN,'ted  by  him  in  Africa  and  Asia. 
viaiAcxrnma. 

The  poblit-ations  of  the  Institution  inclade  the  Ck>ntribntioDB  to 
Kuovli^Ig¥.  the  Mi:i<-elbiDeoa8  Collections,  and  the  Annnal  Rei>orts,  tbe 
first  tno  l>riug  jtrinted  at  the  expense  of  tbe  Institution,  while  the 
ix>{M>rt^  an-  Government  docameuts.  Tarious  publications  are  ala) 
i>suci  by  the  National  Museum  and  tlie  Bnreau  of  Ethnology,  to  nbich 
allusion  is  elsewhere  made. 

Conlrii'Hlioini  to  KnitirJedge. — Three  volumes  of  tbe  Contributions 
irere  t-ompleted  during  tbe  year,  and  two  separate  memoirs.  Volanies 
XXX  «nd  XXXI  were  tbe  text  and  plates  of  au  exhaustive  illostrated 
v^>vk  by  Dr.  G.  Brown  Goode  aud  Dr.  Tarleton  H.  Bean,  entitled 
•<<>fe»nic  ichthyology,"  being  a  treatise  on  the  deep-sea  and  pelagie 
flslu«s  of  tbe  world. 

VoIhuh'  XXXII,  on  "Life  histories  of  North  American  birds,  parrots 
to  grtu-kk's,"  by  Miy.  Charles  Bendire,  IT.  S.  A.,  is  a  second  coutribo- 
tt.in  on  this  subject,  the  first  volume,  including  gallinaceons  birds, 
nlKW>ii«  or  doves,  and  birds  of  prey,  having  been  published  by  the 
liiHllliilloii  Kcveral  years  ago. 

'I'lui  im-nioir  by  Prof.  B.  W.  Morley  on  the  density  of  oxygen  and 
),Vilri>K<>ii  wuH  published  early  in  the  year  in  a  volume  of  117  pages, 
,iiiil  biiH  been  reprinted  in  full  in  Zeitschiift  ftir  Pbysikaliscbe  Cbejnie, 
a  (tiipllruld  wt  of  blocks  of  the  illustrations  having  been  sent  to  the 
.(hI'II"!"'""  »I  their  request.  In  this  memoir  Professor  Morley  describes 
,„  (I.  lull  tliti  niellKxlH  employed  in  his  investigations  and  Ulustrates 

,,,,;  ,i|'| lilt  ctiijiloyed.    Tbe  atomic  weight  ol  oxygen  was  studied 

.,,  (  ..»» ilii-WtntU:  (1)  TliO  synthesis  of  water,  in  which  he  achieved  com- 

(,  I  ».(«■- I. VMHmilly  weighing  the  hydrogen,  the  oxygen.and  the  water 
''       .il.  .xiil  ri    I...  II...  Apntiitv  Totin  between  oxTEen  and  hvdrocen. 

I  / 


I  f'j,  \,y  ihc  density  ratio  between  oxygen  and  hydrogen. 
l,„itil»'tUiuU  Ik-  n'iM!b«d  the  same  result:  0=1*579.  with  variation 
""'  '("  liMwl  jil'M-*  US  between  the  two. 
""-  i,f   Mi«   invt!Ntigation   by  Dr*.  Billings;.  MitcbeD,  w»d 
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Berge;  on  the  compositiOD  of  expired  air  was  published  an  a  memoir 
is  the  Coiitribntions,  forming  a  volume  of  8L  pages. 

Two  memoirs  submitted  in  competition  for  the  Hodgkins  fund  prizes 
were  in  press  but  not  ready  for  distribution  at  the  close  of  tlie  year. 
One  of  these  was  by  Lord  Bayleigh  and  Professor  liamsay  annouiicing 
the  discovery  of  argon  and  describing  tlie  methods  of  the  investigation 
leading  to  their  discovery  of  that  new  element  of  the  atmosphere.  For 
this  achievement  the  authors  were  awarded  the  first  prize  of  (I10,0(»0, 

The  second  memoir  was  on  atmospheric  actinometry,  by  Prof.  Kmile 
Dnclaax,  for  which  the  author  was  awarded  honorable  mention. 

MiaceUaneou»  Colleetions, — In  this  series  two  works  were  completed 
aod  fonr  put  to  jtress  during  the  fiscal  year.  The  completed  publica- 
tions were  Part  II  of  the  Index  of  the  (ienera  and  Species  of  the 
Foraminifera,  by  Charles  Davies  Sherbom,  and  a  revised  edition  of 
the  Smithsonian  Meteorological  Tables.  The  publications  in  press 
are  the  Smithsonian  Physical  Tables,  by  Prof.  Thomas  Gray;  an 
illustrated  description  of  the  Mountain  Observatories  of  the  World, 
by  Prof.  E.  S.  Holden;  a  pai>er  by  Dr.  D.  H.  Bergey,  on  Methods  of 
Determination  of  Organic  Matter  in  Air,  and  an  exhaustive  Catalogue 
of  Scientific  and  Technical  Periodicals  of  the  World,  from  1605  to  1895, 
compiled  liy  Dr.  Bolton. 

The  prize  essay  on  "Air  and  life,"  by  Dr.  Varigny,  as  also  some  of 
tlie  other  essays  submitted  in  the  Hodgkins  prize  competition,  have 
been  put  to  press  and  will  be  issued  during  the  next  year. 

There  is  also  in  preparation  a  supplement  to  Bolton's  Bibliography 

of  Chemistry,  an  Index  of  Mineral  Springs  of  the  World,  by  Professor 

Tnckerman,  and  a  recalculation  of  atomic  weights,  by  Prof.  F.  W.  Clarke. 

The  usual  separate  edition  has  been  issued  of  the  several  papers  in 

the  General  Appendix  of  the  Annual  Report. 

Annual  Reports. — The  Smithsonian  Annual  Report  is  in  two  volumes, 
the  first  devoted  to  the  lustitntion  proper  and  the  second  relating  to 
the  National  Museum.  The  General  Appendix  of  Part  I  consists  of 
selected  memoirs  which  have  for  the  most  part  already  appeared  else- 
where, but  which  areof  such  special  interest  and  permanent  value  as 
to  appear  worthy  of  republication  by  the  Instttntion  in  the  "  increase 
and  diffusion  of  knowledge  among  men." 

The  report  for  1894  was  delivered  by  the  printer  after  the  close  of  the 
fiscal  year  and  some  progress  had  been  made  on  the  report  for  1895. 

Proceedings  and  bulletin  of  the  National  Museum. — The  publications 
of  the  Musenm  are  mentioned  in  Appendix  I,  and  need  not  be  referred 
to  here  further  than  to  say  that  the  several  papers  of  volume  18  of 
the  Proceedings  were  published  in  pamphlet  form,  and  that  Bulletin 
*7,  on  the  Fishes  of  North  and  Middle  America,  by  Dr.  Jordan  and 
Professor  Evermann,  were  nearly  ready  for  distribution. 

Bureau  of  Ethnology  publications. — The  Thirteenth  Annual  Report  of 
the  Bureau  of  Ethnology  was  distributed  during  the  year,  and  the 
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T'lcwtt  «t  -Tliar  dw  [ins  ^^Mraj  ia  Mcordaim 
.-:_K^t  jy  -iM-  :*«en«ary.  -letwled  in  bj  report  for 


-  -.7-i.e-  ii-.t- -.i.;.T-  •!  iua  wwfc.  whieji  is  never  ending,  I  haie 
i-.-  -■:— -  -nr-oTTHi  -.,  i,-r  -sHnscrrpi;  Eat «f  i6e learned  societies 
i  -.<!■  Ti- _  -  -tip  3i!r*tui  ■!!■  rntTTniUiimaf  Exehangn.  Letteis 
^-.v  —^  r-rrt*-.  w-Tii  -M  s^anfrrn^  nsolt  ciuu  299  new  exchangee 
Tir-  -<■  -.-(M    -:.^  JC.I  "J.,   iffe-riv*.  wrie»  wws  en tirHy  or  partially 

.  „^  -— '1  ar  ■■*.:.■"-  t"  "iwInsocaiaon&omiistneeptioQtoendeaTor 
V  I-.-  ->  •  -■  ^-e  »  -irt  IS  ?tw«i)(e  .»f  Eiie  transaetioas  of  learned 
*.-v-  -^  ..  .  >r-r-  .i;.-:!.^  icit.r  :^  my  <lexn  that  this eoUeetioa  ahoa\i 
, ..  .^  ,.  J.  v^  i^  ..inv,r»  m  di«  r»3iBiTes  of  Ebe  Insthntion  render 

^■.  .'--■(  -.,.  i..v-u  S--iecy  m  i:he  prepving^oT  n  bibUt^rapbj 
.,  -^  ,  ■.  -  vc-""'..  ,:  T-'j  ■n«*  viMT  19W».  relimcti  to  in  n»y  report  for 
■s.^..  -,,^.  -,.t  a  -::<•  -i-liaiT  by  :iie  Bririsb  GoTenuieot  of  a  Wblio 
;'-»,■.- 1  ■..  -■.-  >-w..—  a  l.>i!.:.n  :n  July.  Id96.  An  inritation  to  send 
1,  ,  ,-..-.~  ^'  -!t-  -i:  >-™r..-i;  ■»'j»  *sirthled  to  the  Tnited  States,  alorif 
^    •)      ,.  ..-;*■(-  Li;:.  i^s  t  i-'ii  t  w-a.*  pnssBetl  were  interested. 

'"'■t>  i-,..-r  t..  -^  ■>va  7rn*iTtti  w  loe  by  the  Secretary  of  State,  I 
■>  <v<  i-  n  I  -•..  v-<:-^  I  -mjir"*^:!-!  ;ai»r  tl"*  Cnited  States  participate  iu 
-ty  ,v.-v-".:>«^  i.'-i  1  r^.-t'omecijij  Dr.  John  S.  Billing  United 
'i:  I  v-<  V  -r-r,  -  v"  '^tL  l.-w-T  c  -^  :'.;«  »w  Torfc  Public  Library,  and 
l">>'i  s.  "'■.'  N.'»-Tin  \  v";  :.4l  S:at.?s  Savy.  Soperintendent  of  the 
N  »■■  ^  i"  v"'".«--ii'.  -fc-"  :  ■*■  •i'-I-jJTJces  on  behalf  of  the  United  States. 
I'l'.n'  tt  t*^*-*"*"«  r-'  i»"^*  '■■■■*•  B**^*  fruitful  Teenlts  will  proceed  from 

Vtn>  n.ii*»>l  »>:  ;a--".  **;"  :-*  fataloinie  of  Scientific  and  Technical 
t'»>i iixhiiiU  lt*^">--l"v'<'  -  p;-,',>::*ht>»l  by  the  Institntion  in  1885,  which  I 
utntt'il  hi  \»\  ln'it  ivt>'rt  was  b^iii;;  brought  down  to  1895,  is  now  com- 
iilili'tl  iiitil  in  \\\\-  li.ni.ls  nf  the  printer.  It  is  expected  that  it  will  be 
I'MiU'il  dm  ini;  t  lio  o»iir«*  of  the  coming  year.  Like  the  first  edition,  it 
li»H  )...i<ti  |.n-(>.Mtil  iindiT  the  direction  of  Dr.  H.  C.  Bolton. 

It  N  i4Hi(lili>tiH.v  c^iH-i'tc^l  that  the  new  bailding  of  the  Library  of 
I'liinm-m  will  Itti  c'liinptott'd  during  the  coming  year,  and  that  adequate 
(</((V(.,j„((  tvlll  Itn  niinh'  flir  the  reception  of  the  Smithsonian  deposit, 
HUit  M  "I" '  till  H'rtdliitf  rimni  provided. 

iionaKiNs  PONa 

A-  MtMi.ji  i„  ,ny  IimI,  niprirt,  the  prizes  offered  by  the  Institntion  for 
'•j'/ynMx*  111  (uMint^ctiou  with  the  composition  of  atmoe- 


HODGKiNS  Medal  or  the  Smithsonian  Institution.,-,  . 
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pheric  air,  and  for  essays  on  the  air  iu  relation  to  huiuau  life  aud 
health,  resulted  id  the  award  of  the  first  prize  of  $10,000  to  Lord  Ray- 
leigh  and  Prof.  William  Ramsay  for  their  discovery  of  argon,  a  new 
element  of  the  atmosphere.  The  prize  of  $1,000  for  the  best  i>opular 
essay  was  awarded  to  Dr.  Henry  de  Varigiiy,  of  Pariw,  for  his  essay 
on  '-Air  and  life." 

Six  of  the  itapers  sabmjtted  in  competition  for  the  prizes  were 
awarded  honorable  mention,  together  with  medals,  as  announced  iu 
my  last  report.  The  desigu  for  the  medal  is  by  M.  J.  U.  Chaplain,  of 
Paris,  a  member  of  the  French  Academy  and  one  of  the  most  eminent 
medalists  of  the  world.  The  obverse  bears  a  female  figure  carryinjr  a 
torch  in  her  left  hand  and  in  her  right  a  scroti,  emblemalic  of  Knowl- 
edge, aud  the  words  "  Per  orbem."  The  reverse  is  adapted  front  the 
seal  of  the  lustitntion,  designed  by  St.  Gaudens,  the  map  of  the  world 
being  replaced  by  the  words  "Hodgkins  medal,"  as  is  shown  in  the 
accompanying  illustrations,  whi(;h  are  the  size  of  the  original.  The 
medals  were  stmck  at  the  Paris  mint. 

I>r.  J.  S.  Billings  and  Dr.  8.  Weir  Mitchell  having  compleleil  their 
investigations  on  the  composition  of  expired  air  and  its  effects  on  animal 
Ufe,  their  report  has  been  published  as  a  Memoir  of  the  Contributions 
to  Knowledge.  The  investigators  foand  that  the  air  in  inhabited  rooms, 
!<acb  as  the  hospital  ward  in  which  experiments  were  made,  is  contam- 
inated from  many  sources  besides  the  expired  air  of  the  occupants,  and 
that  the  most  important  of  these  contaminations  are  in  the  form  of 
minnte  particles  or  dusts,  in  which  there  are  microorganisms,  including 
some  of  the  bacteria  which  produce  inflammatory  and  suppurative  dis- 
orders. It  is  probable  that  these  dust  particles  are  the  only  really 
dangerous  elements  in  the  air,  and  the  important  conclusion  is  reached 
that  it  appears  improbable  that  there  is  any  peculiar  volatile  poisonous 
matter  in  the  air  expired  by  healthy  men  and  animals  other  than  car- 
Iwnic  acid. 

An  additional  grant  has  been  made  to  Drs.  Billings  aud  Mitchell  to 
continue  other  lines  of  investigation,  especially  whether  the  long- 
continued  breathing  of  air  rendered  impure  by  resptratiou  or  by 
volatile  exhalations  from  the  skin  and  mucous  membranes  increases 
the  susceptibility  to  infection  by  certain  micro-organisms,  especially 
those  which  are  now  considered  to  be  the  s])ecific  causes  of  consump- 
tion and  croupous  pneumonia,  the  diseases  which  are  most  fatal  in 
crowded  and  ill-ventilated  rooms. 

THE   AVERT  PllNB. 

The  property  devised  to  the  Institution  by  the  late  Robert  Stanton 
Arery,  of  Washington  City,  consists  of  lots  on  Capitol  Ilill,  some 
improved  by  dwelling  houses,  and  certain  personal  property,  chiefly 
represented  by  securities  of  the  Northern  Pacific  Railroad  Company. 

The  real  estate  is  of  an  assessed  District  valuation  of  $^8,931,  and 
tbe  personal  property,  at  its  present  market  qaotatton,  and  after 
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^^■''■'"  ^A«wT.is  wtiiiwtod  tobevahed 

■■J-J  i-._J--xrrrBT  ■kmobux. 

-  -^i. -lisiuiiE  ii»  SKtfasooias  Institutira  was 
■i-  ^.liijw  :  t.  :^*t  wd  dw  first  meeting  of  the 
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rbich  sboald  give  an 
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,  i:h.(u  Ir. -*»23<^C.  Welling,  haviuf 
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llieEBtablMlimentBDdUieRegsutafbf  Mr.  GhMde;  andlutt  of  Begenta  with  bri«f 

biographical  notieoB,  by  Mr.  W,  J.  Sbees. 
The  Secretaries,  liy  Mr.  Goode. 
The  B«nefa«toTS  of  tho  iDstitation,  by  Ur.  Langley. 
Baildings  and  groauds,  by  Ur.  Goode. 
The  Smithsoaian  Library,  by  Mr.  Cyrus  Adler. 
The  National  Mnaenni,  by  Mr.  F.  W.  Tme. 
The  Burean  of  Ethnology,  by  Mr.  W  J  UcOee. 
The  Bureau  of  Exchangee,  by  Mr.  W.  C.  Winlock. 
The  Aatraphjaiasl  Observatory,  by  Mr.  LMigley. 
The  Zoological  Park,  by  Dr.  I'laiik  Baker. 
Expeditions  and  explorstioni,  by  Mr.  F.  W.  lYue. 
The  SmithsoDiaii  publieationa,  by  Mr.  Cyrus  Adler. 

I  have  now  decided  to  add  to  this  another  chapter,  being  the  biography 
of  the  late  Dr.  Ooode,  by  Dr.  David  Starr  Jordan,  president  of  Leiaud 
Stanford,  Janior,  UDirersity. 

The  second  part  of  the  book,  which  may  be  described  as  a]>precia' 
tions  of  the  work  of  the  InstitntioD  in  different  departments  of  science, 
is  almost  entirely  written  by  gentlemen  not  connected  with  ttie  Insti- 
tntiou.    The  chapters  are  as  follows: 

1.  PhysicH,  by  T.  C.  Mendenhall,  president  of  the  Worcester  Polytechnic  Institute, 
Worcester,  Maaa. 

I.  Jlathematica,  Bobert  SimpMU  Woodward,  professor  of  mechanics,  Columbia  Uni- 

vereity,  New  York  City. 

3.  Astiouomy  and  Astrophysiee,  by  Edward  8.  Holden,  director  of  the  Lick  Observa- 
tory, Mount  Hamilton,  Cal. 

i.  Chemistry,  by  Dr.  Marous  llenjamln.  United  States  National  Museum. 

5.  Geology  and  Mineralogy,  by  William  N,  Rice,  profesaor  of  geology,  Wesleyan  Uni- 

vecnity,  Hiddtetown,  Conn. 

6.  Meteorology,  by  Dr.  HarcDN  Benjamin. 

7.  Paleontology,  by  Edward  D.  Cope,  profeesor  of  7.uology  and  comparative  anatomy. 

University  of  Pennsylvania,  Philadelphia,  and  editor  of  the  American  Nutn- 

8.  Botany,  by  William  G.  Farlow,  professorof  cryptogamic  botany,  Harvard  Uni- 

versity, Cambridge,  Mass. 

9.  Zoology,  by  Dr.  Theodore  N.  Gill,  professor  of  zoology,  Colnmhian  IlniviTsity, 

Washington. 

10.  Ethnolotiy  and  archieology,  by  Dr.  J.  WaIt«rFewkes,  late  director  of  the  llemen- 

way  Expedition. 

II.  Geography,  by  Gardiner  G.   Hubbard,  president  of  the   National   Geographic 

Society,  Washington. 

12.  Bibliography,  by  Dr.  H.  Carrington  Bolton. 

13.  Cooperation  of  the  Siuithsunian  Institution  with  other  institntiona  of  learning, 

by  Daniel  Colt  Gilmun,  president  of  .Johns  Hopkins  University,  Baltimore,  Md. 

11.  The  influence  of  the  Smithsonian  Institution  npon  the  development  of  liUrarics, 

the  organization  of  the  work  of  souiettes,  and  the  pnblication  of  ecientilic  lit- 
erature in  the  United  States,  by  Dr.  John  8.  Billings,  director  of  the  New 
York  Pnblio  Library, 
15.  Relatione  between  the  ISmithsonian  Institution  and  the  Library  of  Congress,  by 
Ainsworth  K.  Spofford,  Librarian  of  Congress. 

The  illustrations  will  consist  of  copies  of  the  two  known  imrtraitn  ol 
James  Smithson  and  a  representation  of  the  memorial  tablet  erected  at 
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B  of  tlM  Chancellors  ( Dallas,  FQlmore,  Taney,  Chaa^ 
'^  >•  ^.  xaii  Fsljcr .  tte  Seereburies,  of  Mr.  Hodgkins,  and  or  certain  of 
"Uw  «t&:7:>^  £ec<n::»  who  were  especially  iaflaential  in  shaping  the  chat- 
ik-— 7  ■€  -.M  I^atiiAMt  daring  its  early  days  (John  Qnincy  Adams, 
■>.  .-w —  ; -i;^  «^««a.  Kiduud  Bosh,  Looia  Agassis,  George  Bancroft, 
■  '  • .  •!  T  ^-i-TiBis,  A«a  Gray,  and  J.  C.  Welling),  with  views  of  the 
.  i'-^-  r^: '  >i  ^3iii  —xjcratiama  of  its  seal  and  of  the  Hodgkins  medaL 

COKKBSPOHDENCE. 

~  ■  H  - .  -*-f  ■»■  tte  Tvty  Totuninoaa  roatine  and  business  correspond- 
*- .r.  ■.    -■*  NiCL>.-nA:  MasMUK.  or  special  correspondenceof  the  Bnreas 

C^   -y'  :m  Z*x4>j:i«l  Park.aud  of  the  Borean  of  Exchanges, 

*    -  i-^-i  ■ ' .    ;'>.-r«.h$cx^  mmmbnot  letters  come  directly  to  the  Secre- 

■.-  ^  .'-■  ■«  -^  in  *;".  fijkrv  of  tlie  country,  on  every  imaginable  sabject 

,  I  -     h-     -.1  r^^":  .l:tT  be  sappoxed  to  have  a  relation  to  science. 

\  >  ..  -v-^  . .-  --J  r  ■sc-,'.*  5i-»t  m*y  be  of  great  valae  and  importance  to 

'.    «     >.  -     •■     .r«s  fr.-c^  t«taHta«  and  others,  are  constantly  received, 

,  -         :v  ^      n.    1  11  ;r.»J  ib:;'  cMxespondence  shall  receive  -the  same 

,    ,..  .-.•  ;i»i  *-A*  Ixrstrtwed  npon  it  iu  the  early  days  of  tlie 

...  «   > '!  v-f  7C=.^(r  of  letters  formed  but  a  small  fraction 

■  .•J.   ^'-   -•  *-l  *:  T'Tw*^.!;  but  It  will  be  understood  that  the  folflU- 

.  ^       ^  ^  »  -I   i— ■•>■  ;»rw*s.ingly  difticulL     An  effort  is  made  to 

,.^   ,  -,■■•■  •■"■   ■J-^-^  :s<jniri«s  often  involving  a  large  amonnt 

:,  s.  ,.-      •.  "•■  -;  -"<  '--■*  coniiiMS,  as  well  as  of  those  immediatdy 

^,       ,^    .  ^..  ..^-^->■:•d<■!K*of  the  lostitntion,  out  of  proportion 

,.■,..,     V ,.     '>.■  ■*>■*- 

^  ,„,.^    ..  V.  ■>.  !  ,\\rT«i*-ix»ndcoce  of  the  Secretary's  office,  3,788 

.^  *.  .^  ^  ,  ,■    •   ■'•*■  rfir.sJiy  b«"«*  of  letters  received  donng  tbe 
J     .. ,     s-  .'s*  T  r.-  ".XT  w"  letters  were  received  and  referred  to 
■  ,  V.     N  .■•;  ;l-v'  I:  ^liiniinn  in  the  same  time. 

^^    v.  v^-s  T«>^:\-ed  and  written  is  now  complete  from 
J  *    ,    ,  ^ .     ,_,      ,.  -V  V*"  I  t'.«v.  coHStitotiog  the  curreut  file.    Tlie 

,  ^.     ,,  ,■.<.  c;-,TT»nt  file  has    been    placed    in    the 
,,.^  ;,^  ;v  r.',(is  i*  HOW  practically  complete. 

v;s\  Vl.l.ANEOrS. 

,,        .    ^,  J,  ^,  ,..;^^K  >;.-^«  renewed  for  three  years  tbelease 

\'.>K*  SI  ''"'  S»pK*s  Zoological  Statiou.aud  the 

I '  'ii\-  '  XJ>  'uv'N^\--'t  i>  ^■"^  v'^'xv.*  of  valiu-  to  the  investigators  wbo 

mV    *'\    'ti\.tV  1-    H  \\  ,Kw,  Or.  O,  W.  Stiles,  and  Dr.  Uarrison 
'  1  .  .|„,i\i,»  M),)  *n  c\*niiniug  the  testimonials  of 

^lll,     tMt  Ml  \^\\■^\\>^  >|i»'"noH-.  »»  ««nie»'Ii»«  with  the  assignment  of 

'         1,1  Hill.  It  I  U't^  «"»■*>«'**  *"''"'^'^"" 

'  ■'■o  mtu">nui»  «,|iMHiv(n»l  Hiii'l**""*"*"*  for  occupancy  of  the 
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table  the  followiug  have  been  favorably  acted  apou :  W.  T.  Swiugle, 
B.  Sc^  Elansas  State  A^icaltural  College,  1890,  assistant  pathologist, 
United  States  Department  of  Agricaltore,  appointed  for  two  months  in 
the  winter  of  lSd5-96;  and  F.  M.  McFarland,  profeuBor  of  biology  and 
geology.  Olivet  College,  Michigan,  aBSistant  professor  of  histology, 
Leiand  Stanford  Junior  University,  appointed  for  three  months  during 
tiie  spriog  and  summer  of  1896.  Prof.  L.  Murbach,  who  occnpied  the 
table  for  two  mooths  in  1894,  has  snbmitted  a  memoir  entitled  "Obser- 
vations on  the  development  and  migratioD  of  the  urticating  organs  of 
sea  nettles,  Cnidaria,"  which  has  been  pobtisbed  iu  the  Proceedings 
of  the  United  States  National  Musenm. 

The  table  has  been  occnpied  constantly  since  October  1, 1893,  the 
date  of  the  first  appointment,  with  the  exception  of  May,  1894,  In 
several  instances  Dr.  Dohrn,  the  director  of  the  station,  has  courteonsly 
arranged  for  the  accommodation  of  two  occupants  at  the  same  time. 

Id  order  that  all  investigators  may  be  given  an  equal  opiK>rtaDity  to 
avail  tbemselvea  of  the  facilities  for  study  at  Naples,  final  action  ni>ou 
applications  is  not  taken  more  than  six  months  iu  advance  of  the  date 
for  which  the  table  is  desired,  and  when  more  than  one  applirutioti  is 
filed  for  the  same  period,  presumably  of  equal  merit,  the  assignment 
is  made  according  to  priority  of  application,  No  apimintment  is  made 
for  a  period  of  more  than  six  monllis. 

Art  collection. — The  fuudamental  act  creating  the  Institution,  iu  euum- 
emting  its  functions,  apparently  considers  it  first  as  a  kind  of  gallery 
of  art,  and  declares  that  all  objects  of  art  and  of  foreign  and  curious 
research  the  property  of  the  United  States  shall  be  delivered  to  the 
Regents,  and  only  after  this  adds  that  objects  of  natural  history  shall 
be  so,  also. 

The  scietitiSc  side  of  the  Institution's  activities  has  been  iu  the  past 
so  much  greater  than  its  esthetic  that  it  is  well  to  recall  the  fact  that  it 
was  intended  by  Congress  to  be  a  curator  of  the  national  art,  and  that 
this  faoction  has  never  been  forgotten,  though  often  iu  atteyance. 

In  1849  Secretary  Henry,  in  pursuance  of  this  function  uf  an  institu- 
tion which  iu  his  own  words  existed  for  "the  true,  the  beautiful,  as  well 
as  for  the  immediately  practical,"  purchased  of  the  Hon.  George  P. 
Harsh  a  collection  of  works  of  art,  chiefly  engravings,  of  much  artistic 
merit  and  now  of  great  commercial  value,  A  portion  of  this  collection 
was  some  years  ago  deposited  iu  the  Corcoran  Gallery  of  Art  and  iu  the 
Library  of  Congress,  subject  to  recall  by  the  Regents  at  any  time.  In 
accordance  with  the  terms  of  the  deposit  some  of  these  objects  have 
already  been  returned  to  the  Institution, 

A  collection  of  etchings  and  engravings  was  during  the  past  year 
presented  to  the  Institution  by  Mr.  Charles  William  Sherborn,  of 
London. 

Atlanta  Expotition. — Under  the  provisions  of  an  appropriation  made 
by  Congress  for  a  Government  exhibit  at  the  Cotton  States  and  Inter- 
national Exposition  at  Atlanta,  daring  the  autumn  of  181i5,  a  very 
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"  '  -    ~         -^~~L  ''"  ~"  ''^  ^"^aoH-  3.  $«9anber.  189S,  and  ft-. 

•tt _.-_.      -     *^*oD-uir.-<  iH^  4  ^wtttod  delegate  to  the  same 

••■- •   ^-  —  ■^^■^->^^--"«iJ«»  *rteaded  thewMigreeB, 

1-  — w;.:,  ^  —  ,_:  ;_Lnr*.  Tuf  >•!»■(!»  «^  gicalwt  intematJoDal 
■T  .,-:-.—  -— E  -^->  t:,f  rat*  Mn.nciwL  >€  sttmlmtiouB  (1)  cstabliah- 
^  »  -  T-j  tr^t..;  .  -."•sanuT  i'C  »wi'*7.  3  m|>pomtiDff  an 
■ .  -  ..■  ^  -  -  -.— -  -.:  ::-m  Tui  .-*«•  tc  -infatlature,  and  (3)  in 
s.  '  ■:  -..T  --  --J  --  -r-  ■*-  ::i'n  -r  rj*  TRant  laletBatioDal  postal 
,  «r-  *  -.-         --  r.- ^ci-^L-;;  If  -iBUBut^TiBgordead"  through 

:*        ■--■..-     -    =— ^      -'"■3.u.r:)f««  Tinv  A;»^a(atcd  in  acoordance 

.  ^,  ..  .  i  ^  ^  .  :  ^,'s — rw  icfojif  KkUrCB  Bmtioned  in  my 
j^  -  ■■  -  :..  -  ■»-- :  -  '■ii.i-^-i  uDi  tC  "j«  Tuacml  oa  Smithaon's  tomb 
..!..  .c   -:::_. -u  -::."i    »c     —I'U.  Ji  3h»tt  of  the  footider  of  tiie 

:s».  -s.  .  ^i.:  Ji-^:-:  ■  -I.  r:e -a^'irw.  Tiara  ■ndvre  40  by  :>8  inches, 
«-r-,-  .<:--.^T.-i  •  "i-  ■'•  :::liji  ^t»i7  ^t;^:r*Ii»- of  Xew  York  City. 
'.i.v    vj-  t  -I  .-5.  .t.:!t-i  5iu.'i&<n.  sarrottnUed  bra  wreath  and 

HI  ,-■"  'i'-  -.'.'  »  -■  i~  J.  ».".  Hr-iei-i  >  -i.-  >i«d  -Juaes  Smithson.  F. 
U'.  S  ,.  .1  :...  1-  -£  le  Sti  jwu  :j  :  Ii-rT.-jr.oii.  Washinptoo:  erected  by 
;  IV  'i"-,(.-'i  »  u  -ti-  l:si  -1-  ...1.  t'i'W.*  Jh» xvtMaf^ayiag  illustration 
,,•.     K'  -t. ■.!.■;>-  li  -'Mi  i  ••<!•  i-i'u-^;-.i   -c  -'if  I'tikstn- Model. 

t" ■•  '•' ^"'-•■i-    vv-.-.f   <n. —  ni<fj^:i:LAl  report)^  the  American 

li  V.VI  C.U  V-<sivut;:i(i  ■■  r  :  i..-  •■■inr  is^j  w-i:>  Dan:Miutted  to  Congress 
;;i  iu„:i  ;av  S.vrV' J--  ■■  :*:  I  r<::-j::>'a- :u  at^conlance  with  the  act  of 
iMvi.'iivi  i:  vu  .'t  If  v^t-i-vnr  :<■,],  Pi"^  ryM.-<>cts»eCoaf:re6sional  doen- 
uic'i^N  .t-'<t  ■- 'v  Li>;-' ;  L'  n  J.fcs  j,i>I  3"  rt.Dtrv>Ii>f  their  distribotioo. 

NAllONAL  jirsEm. 

iU\'  inic4vu:(i  I'l"  zh%}  ^m::liitsi:Mi  Itisricution.  which  was  formed  in 
jmi  I  .tint  ivi-  o>  t!:!ic  i-f:ir(t.v  m.i;ac;imt>t  nt  tlie  expense  of  the  Smithson 
mint.  w,f«  itu'  utuli'ti-s  of  i:ie  |»ti:^'nt  Njru>nal  Mnsenm,  to  which  the 
Ki  <vm.'*  ^^,^^^'  iMur:!!;!*-*!  u>  *vntril>ute  matter  espet.'ially  under  their 
1  ii-ums  ■«>  (li.il  tlu'  lii>tit(itii'»  lii*s  in  it  ;i  large  jieeaniary  interest,  and 
l>  n  i»|wn,M*  tiKttiitiiiiKiI  with  it,  txi  ;t«v»iit  of  this  history  and  owuer- 
,iii|i,  ivIitlit'iiHliiiis  o(  It  nior**  intimate  kind  than  with  some  bareaas 
w  lilt  li  tiii>  V  iii't  ti«>ii  at  oiit>  time  a  i>»rt  of  itself 

^■^^  IS-V-*  (V»>:r«'ss  has  apjiropriated  money  for  the  mainte- 
MiiNviiin.tuit  it  btvssiitn^'ely  made  any  .s]>ecia]  appropriation 
i>vi>nit>ut  t'f  tho  oullections  by  parchase,  so  that  in  respect 


The  Smithson  Memobial  Tablet. 
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to  the  meaus  at  disposal  for  this  it  has  been  almost  at  the  foot  of  all 
American  moseiunB,  being  surpaesedbyeverymatiicipaltnaseain  of  Date. 
In  the  earlier  years  of  the  Maseam  this  was  not  of  very  great  moment, 
as  nnmerous  American  natural-history  specimens  came  i>t  from  the 
varioDS  Government  expeditions.  It  became  evident  latrr  that  for  a 
proper  understanding  of  native  products  it  was  necessary  to  compare 
them  with  those  of  other  parts  of  the  world.  To  obtaiu  these  exotic 
specimens  do  adequate  means  have  ever  been  provided,  and  it  is  not  to 
be  expected  that  valaable,  specially-selected  specimens  from  foreign 
lands  will  ever  be  procured  in  large  nambers  except  by  purchase  or  by 
the  sending  oat  of  expeditions. 

The  result  of  years  of  accomnlation  unsupporte^l  by  purchases  lias 
been  that  the  collections  of  the  National  Museum  are  very  unsymmetri- 
aH — full  and  rich  in  some  directions,  especially  iu  North  American 
natural  history,  surpassing  all  other  museums,  and  exceedingly  [>oor 
in  others. 

In  the  meanwhile  museums  have  sprung  up  in  some  of  the  large 
dties  of  the  United  States,  with  liberal  means  for  the  acquisition  of 
Bpecimens  by  purchase  and  the  sending  out  of  expeditions,  and  these 
are  outstripping  the  National  Museum  in  many  of  its  departments  by 
the  wealth  of  their  collections. 

From  such  causes  the  National  Museum,  while  truly  national  in  the 
sense  of  possessing  very  full  collections  of  the  natural  products  of  the 
United  States,  maintains,  with  increasing  difficulty,  it.s  supremacy  in 
this  special  respect  over  the  wealthier  private  museums,  and  compares 
very  nnfavorabty,  as  regards  the  breadth  of  its  collections,  with  the 
Badonal  museums  of  Europe — in  Loudon,  Paris,  Berlin,  ISt.  Peters- 
burg, Vienna,  and  Florence. 

I  called  attention  to  this  matter  in  a  former  report  when  I  remarked 
that  the  American  Museum  of  Natural  History  iu  New  York  expended 
123,552.89,  in  1892,  for  filling  oat  its  uataral- history  collections  alone, 
while  the  National  Museum  in  the  fiscal  year  1892-03  expended  only 
$5,769.75  for  specimens  of  all  kinds. 

The  discrepancy  has  grown  greater  in  succeeding  years.  In  the 
past  fiscal  year,  for  example,  the  National  Museum  expended  $3,33G 
for  all  collections,  while  the  expenditures  of  the  American  Museum  of 
l^atnral  History,  for  acquiring  natural-history  collections  alone,  were 
♦41,959.65,  or  fully  thirteen  times  as  much  as  expeuded  by  the  National 
MQseum,  although  the  total  amount  of  money  available  for  the  two 
was  not  greatly  different,  that  for  the  National  Museum  being  in  fact 
the  larger. 

The  causes  of  this  discrepancy  are  not  far  to  seek.  The  income  of 
the  local  museum  is  usually  devotable  wholly  to  its  collections  (which 
in  the  case  cited  are  housed  in  adequate  buildings)  and  to  their  increase 
uid  care,  which  include  the  services  of  officers  and  employees  in  charge 
oftbem  and  who  are  devoted  only  to  them, 
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(l(Mi|treiin  liHS  Ini'l  u|>on  the  National  Xnsenm  qtnte  otba  aad  ad^ 
ttiiliiil  ruimtitniB.  1*0*  *"  dwell  apoo  the  bet  (so  conataotly  mfflsted  on 
hi  tH'CVliiUH  i'o|>i>rt»}  ot  tlie  entire  inadeqoaejr  of  the  bnildings  here  for 
ttit*  t'ttlloctliniB,  tli(»  Ntttional  Mnsenm,  contammg  all  the  diverse  «4- 
lt>i'Mlilin  ttf  tlio  (loveruniotit,  has  maDf  more  departments  and  avery 
(lilliOi  liirnt'f  iiPi'WBftry  expenditure  for  salaries,  owing  to  the  .ii^ersily 
lif  11"  i>iM-i<Fi,  It  tn  idiH)  the  source  of  enpiriy  which  has  been  aacccs- 
li)t)'lr  ili>itMi>il  Opr  thv  exiiibitious  at  LonisTiUe,  Cincinnati,  and  Nev 
(lllfiMinlu  ll*«lttiul  ItWIi, Madrid  in  1892, Chitago in  IS*}, and  Atlanta 
Itt  Iniint  iiDil  It  liiriro  P'*'''''''^  ^''^ '^"''^^^  ***""  ^'^^^'^''S^^' *" ''''^'''^ 
HHilnWtni'llI  »'f  Hi«»\vn  collections,  a  condition  of  tbings  under  which 
lih  H.ii^oiHH.  I'MliUi'  or  prlviite,  could  prosper. 

1 1  it  iiltH  i'»ltp>\  ulHili  I'y  Members  of  Congress  to  send  collections  to 
hU'i  I  iHnUmi  >»r  OiP  (VHUliy.  i"'d  in  the  last  year,  od  the  request  of 
ltiilh<mi(ll  Mctitlo'vn  tif  (VihSI^'Sh,  collections  comprising  iu  ail  at  least 
'til  UW  •'iii>i'ltut'im  vtt'iv  wni  *><''•  "^^^  National  Museum  is  also  treated 
((n  i|  Nitllnlinl  MtUtsm  fi»i'  wiciitiflc  information,  and  is  expected  to 
^^^\"l,^^  \\\\\\\\\\y*  Hvm  f\-pry  iKwHon  of  the  country. 

1 1||<  -y  >tH>  «i>»it«  t«l'  lit**  pur|to9««>  for  which  the  Museom  is  compelled 
III  II  1.  \m\\\--\  \\\\w\\  ^1>«»«1»I  |P>  t»  collections,  purposes  not  perha[is 
illltll  til  \\\\'  l>l^ll'^1*  »«f  w  National  Museum,  bat  widely  diverse  from 
(In  I  \<i  .1  mU-mM*y«v 

I  III  Hull  ii'mIM"  it\»«»  <»  MloU  figures  as  those  above  cited,  where 
liHi  I  mil  >  iiii  >'M  vs  t  tM  vwit  i«l'lt'^  extent,  pitying  in  many  cases  higher 
"il'iili  \  In  Mii'n  n«*>vs"-*  rt»vt  w«i>loyw?*i,  are  able  to  expend,  as  in  the 
III  Inn  I  >illMilt'it  tt\  tli'vuv>t  um<>«'  tUip  amount  on  collections. 

HI  \\\'  '\>  •\\\'  \\  \,s'\>*\\\\y^m  !«('ttcof  the  most  earnest  efforts  and 
-'■  It  'I'  I  \\V  V  Kit  tW  i>  tt  t  v>t  tl>vVK'  t»  ihotr  immediate  charge,  the  collec- 
II' M  "I  liii'  t<\n\>ui'.>om  tn  w*:-^  nttv<it  iuiiMtrt^ant  resi)ect8  are  not 
'!'!> 'Ill' lUii  n  ■  *'i  'i  s '  1 ''\«.*v '.■J  ■^^•— vvtvK- wus^'ums. 

II  '■  ■  m  '  y\\\  M  -s  sv  vs'if'V  '*vvw<»>"(  wan — Pr.G,  Brown  Goode — 
i>  |i"  n'lU'  In-  UiV  \\^  t''>t  Vk'.,s^''\  o»;'\i  *li-.>  h.»d  entire  freedom  in  his 

■ss-v  ■/■  IK  hi'  did  would  have  beeu,  it 
■  >vv,'  .vv:'  ;asl  cited.  He  did  more, 
",■;  >v  »;■,-.■  •j'-Vxii'aletl  the:%  defects  by 
v  kvit  i?^'.  >  ^  utt^^lfi^  interest,  such 
iv  \\v>.  vrt,  I,";'  a1;  the  cnntorsbipB  are 

■  v-,v  »\-."  •■-  ATv  jiad  unpaid  services, 
.  ^,;-i  '  ,.f  t^.-rs  ••x*  are  iwiid  vthougli 
\\v,  vi,>  jl^.^  ^jwryis  irt  tXho'  Govern- 
^■.■\tif  v.HW  Si,*  sbeir  re8|>ective 
ii  •  i  s.i  "j  •virii:  N(  i-*rJ  to  parallel 
I..K-,-  'j  ■.v«s>.  •ii.',  XTi.i;c  tbf  depressing 

\t-*.«»,si  ti  .V  i-.u  'Jjt*  iiki'jMt  farther 
S.»<  ■,  1,i.x  J..-CJV'.  m*  <:<^ncaa  (am, 
*v^  V,  ><  ■*,  j.v,i,'c  -voii;  ^a.-oi'  Mker  than 
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those  stated,  is  paid  at  rates  considerably  less  than  for  similar  service 
ia  the  Executive  Departments. 

I  again  most  earnestly  commend  this  most  regrettable  state  of  affairs 
to  the  attention  of  the  Regents,  and  through  them  to  Congress.  It  is 
for  them  to  apply  the  remedy. 

In  my  previous  reports  I  have  called  attention  to  the  congested  state 
of  the  exhibition  lialla  of  the  Museum,  which  prevents  the  collections 
from  being  seen  to  advantage.  Tliis  condition  lias  been  met  to  a  limited 
extent  by  the  appropriation  of  18,000  for  galleries,  which  will  afford  a 
temporary  relief;  but  it  i>«  evident  that  a  new  building  must  soon  be 
provided,  or  the  Museum  will  tend  to  present  the  appearance  of  a  place 
for  storage  rather  than  that  of  one  ibr  commodious  exhibition.  There 
would  not  be  the  sligheut  difficulty  in  immediately  filling  a  second  build- 
ing of  the  same  size  as  the  present  one  with  objects  of  interest  from  the 
collections  already  accumnlateil. 

It  may  possibly  be  a  matter  of  surprise  that  I  should  urge  the  increase 
of  appropriations  for  purchases,  while  the  Museum  building  is  thus 
crowded;  but,  as  I  have  stated  above,  the  present  colleutions  represent, 
in  lai^e  part,  not  what  is  most  desirable,  but  what  has  come  to  baud, 
leaving  everywhere  great  gaps,  or  at  Icjist,  fragmentary  series  which,  to 
he  properly  presented,  should  be  tilled  out  by  obJe<;ts  only  obtainable 
by  purcbase. 

BUEEAtJ  OF  AMERICAN  ETHNOLOGY. 

The  researches  relating  to  the  American  Indians  under  the  direction 
of  the  Smitlisoniau  Institution  have  been  continued.  During  the  year 
special  attention  has  been  given  to  the  more  precise  classitication  of 
the  Indians  by  Maj.  J.  W.  Powell,  Director  of  the  Bureau,  and  several 
of  his  collaborators;  meantime  the  customary  operations  have  been 
carried  forward  in  such  manner  as  to  elucidate  the  arts,  institutions, 
t)elief^  and  languages  of  the  native  tribes. 

As  usual  a  part  of  the  work  of  the  Bureau  was  exploratory.  An 
extended  exploration  conducted  by  Mr.  W  J  McGee,  ethnologist  in 
charge  of  the  Kureau,  was  carried  ou  over  the  territory  of  the  Seri 
Indians,  including  Tiburon  Island,  in  the  Gulf  of  California,  and  adja- 
cent mainland  area  in  the  State  of  Sonera,  Mexico.  These  Indians  are 
remarkable  for  jirimitive  character  and  warlike  disposition,  and  have 
SDccessfnlly  protected  their  habitat  from  invasion  by  white  men  since 
the  time  of  Coronado.  An  account  of  tbis  interesting  journey  will  be 
fonnd  in  Major  Powell's  report. 

Archeologic  explorations  of  considerable  extent  were  carried  forward 
also  in  Arizona,  and  some  of  the  ruins  tliereby  discovered  were  exca- 
vated with  great  success.  The  chief  result  of  this  work  was  a  remark- 
ably rich  collection  of  symbolically  decorated  prehistoric  pott^sry,  ma<le 
by  Dr.  J.  Walter  Fewkes  and  transferred  to  the  United  States  National- 
Mnsemn, 
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LiMtiR-  .iBlMiatlii'  ■F^Misgse  aspfavracioa  was  made  aloDg  tbe 
■mtMTi  mwr-i)  TTimiUi. -*MKii'iT'dM;  tw«mty-«eTeut]iparal]el,briDgiug 
It- iiflir  uimutuor -piimoi  i:i>»  ywiii»«rie age.  In  this  case  the  coUec- 
tfMM  **r»  "iuMii  'uuof-  Tita  jolt-waCer  bugs  within  copil  islands  or 
wl/''j*.  'I  *'ui-a  tiuBmci-  dful  •■««Bi>QiiU  ubjeefes  of  wood,  bone,  shell, 
»fM)  «■  -j'V,  '.Aipiauts  wirii  implementji  antl  weapons  of  shurk  and  other 
t*-*^h.  jO'  r-vtw  '^xEiie  ii»t>riL-M  were  pretterveil  in  wooderfol  perfection. 
VtuUr-i-tAm  oketebu  were  aaaie o^  aH.  nutaks  and  «tber  wooden  sped- 
riK'im  litiblft  to  (letenorale  in  drTimg. 

Tlifl  work  on  tbe  ^ C j'el«>pedia  of  tbe  American  Indians"  ba»  been 
i>iiiiU«l  forward,  and  aeonnderable  part  of  tbe  material  has  been  made 
iH'Dily  fur  tb«  i>retMi. 

l{4M«iti't<liPH  i!Oiiceniing  tbe  social  organization  and  itistitntions  of  the 
tttiltrMiN  )mv4<  biwa  vontinned,  and  some  of  the  resnlts  have  been  incot- 
Iki'iuM  hi  tbe  rt>|>ort8  of  the  Bnrean. 

Itiv  ««>i'K  ill  Uuiiuistics  has  gone  on  steadily.  A  comparative  voeab- 
tiliii  >  i>l'  \ l>toi»)Uiati  dialects  is  well  advanced,  and  additions  to  it  bave 
btvii  m,iik>  ibuiUKb  otudira  of  tbe  Miami  and  Peoria  tungaes.  Tbetri- 
ImI  mil  hiiKUiHtio  d«>velopweut  of  tbe  Iroquois  Indians,  or  Six  Nations, 
li.iv  tHvii  Hiudied  with  suM'e^  yielding  a  means  of  determining,  witbiu 
huiii>k,  (bo  )ttvhiMiinomovt^meatsof  these  tribes.  Substantial  progre^ 
ti.t^  Uvii  MKido  (list)  iu  ascertaining  tbe  general  laws  of  linguistics  and 
It  .it<iil>  itiK  t)uv<4'  Uw9  Iu  Uie  |«wbleBS  of  tbe  character  and  distribo- 
...'.I  i>t  <!u'  ;iKivij;ni*s, 

v>(tv>  tM  tlic  nv-iilt^  <*(  r«e««rv)k<f9  voQceming  the  Kiowa  ceremonials 
IV  .'  '<:«'  >t''*.>>\vr>  t\\M  \l-*  Induui^  deepened  tueir  trance  condition, 
..;«-•  "'v  v.*i'y  :-r.-.<'  >^?vr.j:;"--w;*J  their  bodies  against  fatigue,  by  the 

-,  >•.     'V  -.I'-W.  !'".^  '■■•  *  <»rtxs.  wliicb  tyntiins  certain  alkaloids  of 

■  .,    V    ■  .N^  ..    ..fc-««   AirrfonM  ii,i:iit>»o^  h**  nceived  attention. 

L    ,  s^..  <  .<  IU,    i.t^  -.14  n.-'' i.'-«i<t  ..iKvmi^fiiais  iibrovBiieh  li^'ht  on 

,  ( .^.  .<  - '  .ii'.iivo     ".  ^vtiiit  -it  riit;  -ntiTL>trTc»  and  «atuect  of  the 

^   .  ,     ^  - ,     ..t    n,>i«.-i.     II  1'  •Uiuty   ;!iifc-»:wni^i':s  tit  primitive 

.,,...     "'v   ■...—m-.mw^  '•  =m  '-■•n'oiu  Id 'L-uls- have  been 

•    ...«.  ..■..   »-■!   <i.,'<>i:i<uf^'i>t  -t  itva  iiuad  fi*':^^  iniiiiiat« 

S'  -ss.       ■  -.-*  --M    ••«  ■nuiiw'n".     Jl  :wwr:  ij«»LL::g  witli 

^  ,  .      S..-V*-   .-^    »     t;v   i'Jift    i^utiau^  wifr  ticartwallj' 

....  -<t'-%i«-ivu  \\ti  :iv  Vb'iuaik  Masciun. 

■  .,       ,•  J.  ^   Tx-      .tn»  'Siki.— laii.  L.;cna 

s  ,..,■-.■   ^   in.  W..HIV.I   »   ;■*•..    This 

V   .  ■..     ■  -    ^-  ■-    ■-I-     '  w*'**^   .~iicaBS  of 

1      "H-      '••  ■' "-       ■■■*  ?■*■  ^w-u  **js.  and 
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THE  SMITHSONIAN  INTERNATIONAL  EXCHANGE  SERVICE. 

The  iDtemational  Exchange  Service  was  inaa^arated  half  a  century 
ago  as  a  means  for  developing  and  execating  in  part  the  broad  and 
coniprehtnsive  objects  paramonnt  in  the  mind  of  the  foander  for  the 
"increase  and  diffaaion  of  knowledge." 

The  "  increase  of  knowledge,"  accomplisfaed  only  by  constant  research 
and  persistent  experiments,  as  prosecated  by  the  Institution  in  its  vavl- 
ons  branches,  would  not  alone  have  fulfilled  the  objects  and  attained 
the  resnlt»  desired  by  the  founder.  The  knowledge  obtained  must  also 
be  diffuse*!,  and  in  order  that  the  memoirs,  contribntions  to  knowledge, 
and  annual  reports  published  by  the  Institution  might  be  systemat- 
ically exchanged  for  pnblications  of  other  scientific  institutions  tbroagh- 
out  the  world,  the  exchange  system  was  inaugurated. 

The  iulvautages  of  the  service  have  not  been  confined  to  the  Institu- 
tion alone,  but  have  been  shared  by  scientific  societies  and  educational 
institutions  everywhere  for  the  ultimate  parpose  of  increasing  the 
resources  of  their  libraries.  That  the  best  results  might  be  attained, 
the  Institution  proceeded  to  establish  relations  with  various  scientific 
societies  and  libraries  in  England  and  Germany,  where  the  interchange 
of  publications  was  more  extensive  than  in  other  countries,  and  it  was 
found  to  be  not  only  advisable  bat  necessary  that  agents  should  be 
employedandpaidsomesalaryfrom  the  funds  of  the  Institution.  With 
the  exception  of  the  two  countries  named  there  io  a  systematic  exchange 
of  publications  with  nearly  every  nation  of  the  civilized  world  without 
any  expense  to  the  Smithsonian  Institution  for  the  distribution  of  pack- 
ages after  the  delivery  of  cases  to  the  authorized  agency. 

Although  the  exchange  service  was  originally  established  in  the 
interest  of  science,  for  many  years  it  has  forwardwl  and  received  so 
many  publications  of  the  United  States  that  the  latter  fonctidn  has 
snperseded  the  original  design  of  the  Bureau,  both  as  to  the  number  of 
packages  and  their  weight,  and  especially  since  it  became  the  official 
medium  of  the  National  Government  for  the  distribation  of  parlia- 
mentary and  scientific  publications  of  the  several  Bureaus  it  has 
undergone  a  complete  change  and  necessarily  many  improvements  have 
been  adopted  in  the  system. 

The  appropriations  made  by  Congress  for  the  support  of  the  ex- 
changes since  1881  have  never  been  adequate,  notwithstanding  the 
fact  that  treaty  obligations  made  it  compulsory  for  the  Exchange 
Bareao  to  forward  Government  publications  and  receive  the  parlia- 
mentary docaments  of  other  countries  for  the  Library  of  Congress. 
Witbont  mentioning  the  cost  to  the  Smithsonian  Institotion  of  the 
tnuismissions  of  the  United  States  Government  prior  to  the  Exchange 
Bureau  becoming  the  official  representative  of  the  Government,  the 
Institution  has  advanced  daring  that  period  over  $45,000  from  its  own 
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itn'ttnm  III  i!>(»iHii  of  nK*ii«}-i  i 
wM'li  n<  It'iiHt  witi  directly  doe  to  ti«««;«««K  ••f  ^mniin^  tr-fTR* 
irit'Dl'  I'lilillftiitloDH,  titid  irhH;fa  bas  b«t«t  'xfi  :%:3UMr*«ii  »  :h«  IiK^ti- 
hlMoK.  'I'lid  liKiK'Ht  derived  bf  tlie  I^Tcnawns  ^nm  ^Je  «:uiuBge 
nyolfrii  liiiH  not  Imhiii  eoiiffiie«l  to  the  •!:.*««  ^wTTf^aiiias  if  ^mi^ 
Kitv<'tHiii('ii(M,  litit  tint  )u»-nninlatioiis  irf  :j«  9aL.~js>siu:ui  Li.-icntDoii 
Iiiiv«  I'i'i'ti  KyxtriiiHticBMy  deposited  «i:L  :';*  Li~cary  of  *.'oBsie«. 
Illi'iwii  110  I  lio  "  KriiJilirumiaii  UepcMit.'*  »£•!  at  :Il•^  •■{•iW'  »t'  tfa:-  &«ca] 
Vmii  IliK  |iil1ill('iil.|i)iiH  lliiiH  deposited  bare  Racial  '.iie  jT<sir  Liabs  of 

;i/iii,(iiHi, 

Mv  ii'ff't'Kiii'ti  I'l  1li<>  rfjmrt,  in  the  Appendix,  of  ia«  arrin^  ntntnr  of 
Kii  liitliHi'M,  II.  will  Ihi  i)i>tic<!'t  that  the  expcmlitoK;^  t>(  tiie  jrar  kaxe 
ittiiiiitiitiol  l>i|'l(l,r>llH,rt.  Of  tlilHHinoDDt  tlT.'M>Tereapprofriatedby 
ritiiuiHHx,  t"., '!'.'.'!.  i:i  W(irit  )iHi(l  by  (iorernmeDt  boreans.  4^71  by  Stat« 
Ili'>< lit) Mull",  1111(1 4i'l(l|.l.'l>liy(>tliercoiitribatorH.  ThisaiuonQt  w:4.stiUDf- 
||i  hiiil  III  ini'«l'  (iiitMtiiiKlliiK  ubligatioBB,  and  tbe  Institution  adraDcnl 
Mi.«miiiil'#llN.I-'. 

'I'lin  iiimiiIhii'  III'  ■■oi'n<K)iniidflntn  of  the  Exchange  Bnreao.  bnth  foreign 
Hint  ttniiionlli',  hiiH  hnlli'tnibly  iiiiTeatted  dnring  the  past  year,  and  the 
liiliil  iiiiM  iiMiiiiiiitN  In  ^M,1>M,  nf  which  18,900  are  foreign,  some  of  them 
liiliiji  III  IIh>  mmihI.  t'ti|iit>l(t  |>nt't(t  of  civilization. 

I  hiMii  lii'liiiti  iti^jui'ntKil  l\w  lulviHability  of  adopting  some  means  by 
wlili'li  III  liii'MMini'  llii>Ktiitv(>f|>iirliamentary  publications  for  tbe  Librarj- 
iii  t  iiiiii  I  tmn  IN  II  tilling  iitli'tiiiatu  n'tiini  for  tbe  large  onmber  of  publi- 
i..illi>ii<i  til  llil-i  lliivi'i'iiini'iit  m>nt  to  foreign  conntries,  and  as  the  new 
I  jliiiiM  liiilliMnu  will  III  n  l>>winontlm  bo  ready  for  catalogning  tbe  books 
iii<  +  till  ImiiiI,  iiiitl  iix  iini|ilo  HptM-e  will  be  available  for  accessions,  it 
Ml  I  lint  iiiiikI  ilr«li'iililo  t  lull  aotloii  hIioiiUI  at  once  be  taken  to  accomplish 
fliix  I'liil  l'iiiMii|iiiniloiii'o  (-itu  do  iniu-li,  bnt  personal  solicitation  can 
fl'i  Kii'ii.,  Hint  ttiiitdilii  thiMli'slri'd  rtv4ulta  a  special  representative  in 
Hn  ji'liil  liili'iKil  iif  tliK  hiHtiliitionand  the  Library  of  Congress  should 
hi.  )Miiiiiin><iiMit«l  to  mhII  1ht>  loading  i-ountries  of  the  world. 

Tllti;   NATldNAl,  ZlMH.or.lCAL  PARK. 

)((  ^.ll(lll  HitinilH  I  liitvt*  calltHl  att^'ntion  to  tbe  general  policy  of 
ll'i  loxIMoliiio  ttilli  iriVivnti'  (o  tlio  Niilional  /Zoological  Park  and  the 
r.jiili,iii,i»»iiM'iil->  lloil  Imvo  iiriM'u  i»  carrying  it  out.  Someof  these 
mili>iii;i.;>iiHriilh  Mtlll  rt'iimiii,  exiMHially  the  absence  of  authority  for 
llii-  I'liii  liii-ii^  ol'  iiiiiiiiitlN  ill  tbo  uitpi'oprialion  act.  Because  of  this  the 
jiMi|it:i  (iimhIIi  of  tliiiioUiM'tiiiii  is  much  rctuniwl  and  many  of  the  rarer 
iiiiMvi:  II  III  mil  In  now  luxt  tliHaii)x<ariiigar4>not  yet  represented.  It  is  not 
lilti'lf  Mini  tiirli  iiiiiiiiiilH  will  often  l>e  prt'scnti^^l  to  the  i^ark,  as  they  are 
imrly  iibliiiiiiul  mill  ai-e  always  readily  soUl.  For  several  years  past 
1  liiivti  I'lnioiiimiMidi'd  to  Congress  the  removal  of  this  restriction  by 
restoring  l^t  the  annual  appropriation  act  an  iceni  fur  the  parvhaseof 
auliualB. 

DcillizedoyClOOglC 
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The  appropriation  made  for  the  park  for  the  fiscal  year  eudia^  Jnne 
30, 1S96,  n-as  in  the  followiag  terms: 

National  Zoologicitl  Park :  For  continuing  the  construction  of  roads, 
walks,  bridges,  water  snpply,  sewerage,  and  drainage-,  and  for  grading, 
planting,  and  otherwise  improving  the  gronnds;  erecting nnd repairing 
bnildiogs  and  ioclosures  for  animals;  .and  for  administrative  purposes, 
care,  subsistence,  and  transportation  of  animals,  including  salaries  or 
compensation  of  all  necessary  employees,  and  general  incidental  ex- 
penses not  otherwise  provided  for,  fitty-fiTe  thousand  dollars,  one  half 
of  which  KUm  shall  be  paid  from  the  revenues  of  the  District  of  Colum- 
bia and  theotlier  half  from  the  Treasury  of  the  United  States;  for  con- 
tinuing the  entrance  into  the  Zoological  Park  from  Woodley  Lane,  and 
npening  driveway  into  Zoological  Park,  from  stiid  entrance  along  the 
west  bank  of  Kock  Creek,  five  thousand  dollars,  to  be  immediately 
available,  whicli  sum  is  hereby  appropriated  out  of  any  money  in  the 
Treasury  not  otherwise  appropriated,  one-half  chargeable  to  the  reve- 
nues of  the  District  of  Colnmbia,  And  of  the  sum  hereby  appropri- 
ated five. thousand  dollars  shall  be  used  toward  the  construction  of  a 
road  from  the  Holt  Mansion  entrance  (on  Adams  Mill  road)  into  the 
park  to  connect  with  the  roads  now  iu  existence,  including  a  bridge 
across  Eock  Creek. 

The  greater  part  of  this  nam  has  necessarily  been  spent  in  the  main- 
tenance of  the  collection  and  iu  the  care  of  the  baildings  and  grounds. 
It  should  not  be  forgotten  that  the  preservation  and  maintenance  of 
the  native  beauty  of  the  region  id  which  the  park  is  situated  was  oue 
of  the  primary  objects  had  iu  view  at  the  time  of  its  establishment. 
Ill  consequence  of  this,  great  care  has  always  been  exercised  to  inter- 
fere aa  little  as  possible  with  the  natural  features,  though  roads  and 
walks  following  easy  gradients  and  convenient  for  the  public  nmst 
necessarily  be  made  through  the  park. 

The  adjustment  of  the  bonndaries  of  the  park  to  conform  to  the 
newly  devised  sj'stem  of  highways  that  has  been  proposed  for  the  Dis- 
trict of  Columbia  has  not  yet  been  made.  Since  the  date  of  tlie  last 
report  the  roadways  pn  the  western  side  have  received  attention,  and  it 
is  Buppot«ed  that  they  are  now  definitely  settled  about  the  entire  circuit 
of  the  park.  It  would  seem,  therefore,  that  the  present  is  a  proper 
time  to  make  such  final  adjustments  in  the  boundary  as  may  seem 
desirable.  The  accompanying  map  shows  the  proposed  roadways  near 
tbe  park. 

The  remarks  made  in  last  year's  report  with  regard  to  changes  utwii 
the  eastern  side  are  still  applicable  in  the  main,  and  may  be  profitably 
repeated: 

Plans  for  a  system  of  roadways  for  the  District  have  been  completed 
for  that  section  lying  to  the  eastward  of  the  park.  Kere  a  broad  street, 
t«  be  known  as  the  "Park  Drive,"  reaches  the  boundary  of  the  park 
at  its  southeastern  corner  and  thence  proceeds  along  tbe  eastern  side 
by  gentle  curves  adapted  to  the  topography  of  the  region,  as  shown 
upon  tbe  acc<mipanying  plan.  The  establishment  of  this  road  will 
E^reatly  improve  the  access  to  the  park,  which  has  always  suffered 
from  the  steep  grades  that  are  necessary  for  descent  into  the  valley 
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of  Bnck  Creek.  It  will,  bowerer,  eattS  mtmtt  new  difficnlties  which 
itlMHild  h(;  met  at  ooee.  Tfae  read  does  not  skirt  tbe  boaudaiyof  t^e 
park  at  all  points,  bat  touches  or  leaves  it  according  to  the  oontonr 
of  the  grimml  and  tfae  practicabilit7  of  the  grade.  Some  tracts  of  luid 
am  ttiM-erore  left  between  tbe  drire  and  the  park,  and  if  these  become 
built  iiiM>n,  a  Bnccession  of  private  booses  will  be  thrnst  directly  upon 
tltd  burindary,  tnarring  tbe  air  of  seclnsioQ  that  was  one  of  tbe  objects 
for  whifrli  tbe  espenditare  of  tbe  first  parchase  was  made,  and  which 
in  Htlll  u  principal  attraction  of  the  valley. 

Ill  orditr  to  avoid  this  the  land  in  qnestion  shoald  be  added  to  the 
pill  k.  Iho  cuHtern  boundary  of  which  wonld  then  lie  along  a  broad  and 
«>i(!4<lltint  roadway  affording  access  to  the  park  at  eeveral  couvenient 

IiolntH.  The  accompanying  map  shown  tfae  land  which  shonld  be  added, 
t  InvolveN  n  Htrip  (0)  lying  immediately  south  of  the  bear  pits  noch 
iii>fMlMl  for  tlio  Hecartty  of  the  animals  confined  there.  At  pre.<tent  the 
tNiiiiKliiry  of  tlie  tiark  is  bo  near  the  pits  that  the  bank  is  very  stepp,  and 
itH  )|<  Ih  coniiKiHcil  in  considerable  degree  of  soil  and  decomposed  rock  it 
I'oiiHliiiitiy  rnimbleH  tinder  the  action  of  the  weather  nud  precipitate 
hioHti  HloiH'x  ami  di^bris  into  the  pits,  thnsendangeringthe  safety  of  the 
niiliiiiiU  mid  gnulnnliy  audermining  the  boundary  fence,  which  most 
Miiotii'i'  or  lati-i'  fall  inward.  It  should  also  include  a  tract  of  land  lying 
nil  It  lilllHld<>  to  IIk'  north  of  the  Qnarry  road  and  forming  a  portion  o( 
tliK  (nopoi'ty  of  Mr.  II.  I).  Walbridge.  This  is  an  esceetlingly  impot- 
ItMil  tiiit'l,  itH  ItM  iH>sti(>8sion  would  extend  the  paiic  toward  Kencsav 
ini>iim>i  witlt'h  will  doubtless  be  the  principal  route  of  access  upon  tbe 
i»i'i|i<ui  Miili\  itnd  it  would  be  desirable  to  eitend  tbe  park  on  tbe 
•^Kllllirvn  Hldt'  l>>  ttikitig  in  the  cemetery  that  now  lies  near  the  Adama 
Itllll  vnli<uh>4'  iMiil  iHiustitutes  a  serioas  blot  apou  the  surronudings  of 

Ik  i>im>  pttihtmluril  sv^ms  desirable  to  amend  these  recommendations. 
V I  I  lii>  ii'Uu'h'i  >  MtmiliHl  to  tbe  southward  of  the  park  is  probably  of 
I  •s\  iili'i'ibUv  \:t1»)' Ami  it  would  entail  considerable  expense  to  add  the 

I  >iiiM<  h<t«  I  li>  \\»-  I'^tvk.  it  islwlieved  that  the  interests  of  the  (jovem- 
hi  III  w^W  \^'  \^\\\\.\V'\  \vt>ll  !tubM>r\'vd  by  establishing  a  roadway  through 

II  1 1  >ii.>  il>i'  i\>Mu<  i».u).i^l  indottetl  lines  on  the  map,  and  adding  to  tiie 
l<  III  aiiU  "i>  siv'ttb  t>i  it!(>  );«i)d  as  way  lie  between  such  roadway  and 

II.      |>l.     lul    l«,.«,««l»V. 

Mh  \\i,'  \ww\^\  <'>!o  tv»v-ilcr«Me  T«»djQstinents  of  boiiDdary  are 

I     h  I*  I.      I  ,.»>>»>>"> '"^  «(  \X\v><!)oy  Bridge,  it  seems  proper  that  a 

I    lit     Mi|>  ,»>  tA>'t  W  ^*v>^  .'■<  <><'  »dd<<d  to  tbe  park,  so  that  it  may 

I    .  Ii  III,'  Ikm'  iM   \  tv>v->s  .ivl  t\v«.;'a«>~  shown  in  dotted  lines  on  the 

.1  w  \\\      \  '■  V  MM.' w  V  (•\;v;n!!'  aVos  (he  oataral  contonrs  of  a 

I  III  ll.  ii     I  .,.,      ^..\\  «>x\   K.v  v  T^wk.  »~<l  when  it  is  established  the 

'   111  ll  ,  11,1. 1-,  »...',■  1  -  -,"-•  ;' v-v  ■'.NT  ;V  psrpose  of  entering  the  park 

I     1,1,1   1 . ,(      ^...lv.^^-  ■■.-■-  Nv,  i'^*:  ;>>e  boanduy  run  along  tbe 

1   ,11      1,  ,1  ,1,.    .^v.,t   -,   '■,>x    ■■-,■  T»-<-^c-3  S-c-idaiyrf  tbe  park. 

'      H    1  ,  ,,,  ,  .  ,i  v,."v.^,v    ft". V  ■ry-'-:''*  rofisfctw»stem  entrance 

)     n     I  1  *    111  ,  n  \  ■..•    ,  •  *'>■*■  "•'  'vr,'':",<>i.    Urtte  tbe  bonndaiy 

11 i    ,-  ^  •   .V   '■>•»  :W  *•^t^^  iM  *c^  than  is  no  prop 

'"     I  1  ,■■>,.■  w  \\  .-vv    ■'*f  '•N1  vo    IT.-  :W  p*rk.    Sotwith- 
Ml'     (1.,,  .,>\  ..-  ,^'■,  -1,  1-I.V-;  "^  .-ATS  «:  the  ftT^ite  makcfl 
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tbis  the  most  freqneuted  of  all  the  entrances.  The  ground  -which  it  is 
proposed  to  ioclnde  Ues  between  the  park  and  Connecticut  avenne, 
extending  soathward  to  Cathedral  avenne  and  northward  to  Elingle 
road.  It  is  marked  I  on  the  accompanying  map.  It  in  represented  as 
being  excellent  grazing  groaud  for  antelope,  elk,  deer,  or  llamas. 
Pastarage  for  these  animals  is  now  insufficient  owing  to  the  vooded 
character  of  the  park.  Should  the  Rock  Creek  Park  be  likewise 
extended  to  Connecticut  avenue  as  is  proposed,  the  two  public  parks 
would  then  have  a  common  boundary  along  the  Kliugle  road,  which 
would  form  a  common  avenue  of  entrance. 

It  will  be  noted  that  there  were  mentioued  in  the  appropriation  act 
two  roads  to  be  constructed  within  the  park,  one  entering  firom  Wood- 
ley  Lane  road  and  continuing  along  the  western  bank  of  Rock  Creek, 
a  Rccond  to  enter  the  park  fW)m  the  Adams  Mill  road  and  connect  with 
the  general  park  system.' 

The  first  of  these  roads  is  the  one  mentioned  in  last  year's  report. 
The  amount  of  $.5,000  appropriated  for  it,  being  immediately  available, 
was  nearly  all  expended  before  the  beginning  of  the  present  fiscal  year. 
Since  this  road  has  to  be  built  within  the  boundaries  of  the  park,  it 
berame  necessary  to  make  a  heavy  and  expensive  filling  of  earth  near 
tbe  Woodley  road.  This  is  at  present  a  very  objectionable  feature  that 
can  Bot  be  modified  except  by  an  additional  flit  sufficient  to  modify  the 
lines  of  tbe  embankment  so  that  they  will  simulate  natural  slopes.  If 
the  modification  of  the  boundary  and  tbe  exterior  road  iiroposed  by  the 
Commissioners  is  established  here,  this  eriibanknient  should  be  removed 
or  made  to  conform  to  the  grades  that  accommodate  such  exterior  road. 
Ity  consulting  the  annexed  map  it  will  be  seen  that  tbis  road  soon 
reaches  the  banks  of  the  creek.  At  this  jmint  it  becomes  necessary  to 
cross,  owing  to  the  fact  that  the  right  or  western  bank  l>ecomes  precipi- 
tous and  would  not  admit  of  the  construction  of  a  road  except  at  great 
eipense  and  destruction  of  the  natural  features.  It  was  first  thought 
that  it  would  be  necessary  to  construct  a  bridge  here,  bnt  this  seems 
objectionable  in  some  respects,  as  tending  to  give  an  artificial  character 
to  abeauHfnl  locality.  It  is  thought  that  it  may  be  well  to  try  at  tbis 
point  (marked  A  on  map)  the  experiment  of  a  ford,  so  managed  that  in 
onlinary  stages  of  the  stream  there  would  be  bnt  a  few  inches  of  water. 
This  wonld  give  sufficient  access  for  carriages,  and  foot  passengers 
conld  cross  upon  a  series  of  stepping  stones.  There  would  be  bnt  few 
days  in  the  year  when  ench  a  crossing  could  not  be  used  witli  satisfac- 
fiOD,  and  Qpou  such  days  bnt  little  traveling  would  be  expected. 

The  second  road  is  in  fact  a  restoration  of  the  old  road  wbicli  led  from 
tbe  mill  formerly  established  here  by  President  John  Quincy  Adams, 
and  accordingly  known  on  the  map  of  the  District  as  the  Adams  Mill 
road.  The  mill  with  its  dam  has  long  since  disappeared,  but  traces  of 
the  roadway  and  of  tbe  miller's  dwelling  still  remain.  It  is  believed 
tbat  a  picturesque  driveway  can  be  made  here.  It  must  necessarily 
be  narrow,  as  otherwise  it  would  deface  too  much  the  wooded  bank 


-  ••  iaa>osr  op  the  seckbtart. 

«•**;  ^Mtacu  i-  duwaiidfc-    "Vtafc  vms  oommenced  oii  tiiis  road  tovud 

■»!•  nlna  ■  i       t3f    Tt^U    VMB. 

-     <*>   «ar  ■ '    tax    Tiwi  -DBH-  tW  she  of  the  old  mill  the  two  roads 

.v    •    uiKi'   I.  im,  vn.-i  t.  iUHira  disaare  above  will  cross  the  creek  on 

ii»-i      i-..y>    -nu.'M.'**.   I  <u  nibi  _  i^B£  reaching  the  main  body  of  the 

»»    ■       TWfc        tf      <-Il;i     Ilk    ^-..-.aiU    b'lDfK. 

'-'■■..  ti>r«  -d .r><at-a<f-'  4ff  t^  vocks  nndertakeD  in  thepa^ 

'     '  ■'     *       ;^    ..u.  -ar:  Ik.  .-.^  "..f  fTfiniids  i&  tbc  i«8toratiou  of  the  area 

■  ■  "-       ■■   ^..   ■*".•..   i.>-    w«i   Triwek  t*'  tinMKhing  approaching  its 

-  ■  -ov  >  T-iT*  a  j.ki  Sneii  oMnxcicted  with  the  body  of 

"  '     ■       _  ■     -u  a.  ii:".r  1  -  SM.: :  3j  j«maiii  the  stream  and  pre- 

'-~^-      .;    im  T^ai  pi.-c-i.     Tin*.  44iject  has  now  been 

'     -u-  ■    -v   '■>:  r-iubiuikments  *iiA  wnitaig  under  the  groand 

-•        -'^    .     ..f  -oiiii  »  ^uuscantial  waQ  «if  ntwHOizy. 

*    -^      .:t    -.^'.vy  ■>[■  :he  Fi--h  Comnrissiiai  liw  park  was  enabled 

-  ->.      ^     -4*    '■  .ki:>|Uin9  Che  plant  (•tt  ac  woK'.ca  which  was  used 

-.  .A    .-iH>»t[:ua.     It  is  intended  :*•  «Kiaitb$k  this  inasoit- 
^  -~   -      .?>.   ::><foy  •^(fe'.-dugaa  impxna:.:  McrrMOi to thezoological 

-  'I       ..■  A^i^Kuv'  >.ia*>ait^  P-ui.  :s  xin  iKtu^vit  "^rtm  which  many 
^  ,1.  ^1  ^■;;r«i  :••  tint  7s*rk  h*r*.  a»c  k^  cretl  difficulty  has 

.     t.  .       .■*r-T.:i.-«i  :3  •■T>-wrlr  <x-i:.iz.-.Z£  anc  taring  for  animals 
.,   -.t:^*!?-   ;   1,1*  .*«[.>»;  Aesri'jt  :^.i7  A^  :r.*k»sare  of  con- 

...     ,  t    .  ^•.■i.;»i   <i;  >:c..-v»i  1-3  in  *.ai»  stiii-''*  portion  of  tliat 

,     .     ,    ,    I  ..  .ji,,;st.>n-''i '>-dnv«i  f:*  ii>t  :iir7"'«eof  c»ptnreaiid 

4 .     ....    V  •■f-rswnro  :iid*±i.:ielr  »i.  jt  b«c<'«iing  partially 

.1-   .-•,•-".  ::^  rr-*i-^-.v"ctAHi">ri  to  7ix-  Ea^s.    A  sit*  for  soch  an 

.     .  o-  s^-.i -cJiviec  :i  li*  HiyQfi.VAL^T,aE^i  daring  the  snm- 

v^^    ,  V.:-  u^  .-•■rrii;  -TfW;i«c:  s  »  «'i.'->3«a;i*  iraci  was  erected 

» -N  l^  .^v  :m:  Ti-  •«    d  -.'sjtif*  ttawa  snil  Ksnining  in  the 

. ,  V     N. <  u  r,"    ^  ■:c-,-.zrt5  Tut*- ii. J* owrtaL ac.i  h<e»e protected 

„  ,,,  ^     ■  I  Ti  s  nur::<:-LihT.  V-wvtyc.  jtt  iFxpiMtaitions  have 

.  ■  .v..     '-  ••!  -T't.r<r. ',  x  -.it-tti^iii.  ii  >«atMrs  hascoatinned, 

^ixw   -M, -IK  sr-:«ir.iT*a!0«iT  vc  :ic  pirk  thai  there  are 

v>-   v.  -  .^^  -A"-  Orl5T-KVATOKT. 

.  v-.-^.-.T.l.'^i.-jfc  OSairT«ro«T  daring  the  past 
I;..,,  .1  I  ;if  i,-:>T*i'i-j-iit»vi«(«<Teiysncee8S- 
..«,  ,  -,-f-:ii.i>,-»*  7."  T^i*  wvct.  Ii  is  expected 
„  .1  •  i  1.  ■:■:  ;  '.-J-D.n.  :c  Ti*  iw^^W  of  the  long 
-^.~^.  <-wvT-i.n.  »"i,i:i  iiaf  "ia>  iw  occupied  eo 
.,  w  i<'vt«rit,:jr-( .  Ix  ikis  p^b&ation  it  is 
.  m-vi  ->»■  ■■  Ji  *i"  Tww^s.'tt  x  abtwrptktn  lines, 
)v  ~.'n  >-^  ic  lux  T^'^  "■  '^  -"^  ""^  *^  inves- 
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vliicfa  has  been  made  dariag  the  past  year,  it  ninst  again  be  remarked 
tliat  tbe  fan  degree  of  satisfaction  to  be  obtained  Jn  tbe  investigation 
can  not  be  hoped  for  in  the  present  site  of  the  observatory.  During 
the  past  year  plans  have  been  prepared  for  the  cont'tmctioii  of  a  more 
suitable  building,  and  some  experiments  have  1>een  made  looking  to  tbe 
determination  of  a  site  more  free  from  magnetic  and  other  disturbances, 
bat  no  steps  have  yet  been  taken  to  r<;move  to  such  a  situation. 

It  is  proper  to  add  that  administrative  duties  have  o<-cupied  too  much 
of  jny  time  iu  the  past  year  to  i)ermit  my  giving  the  personal  attention 
I  should  have  wished  to  the  conduct  of  tbe  observatory,  and  thnt  for 
the  improvements  above  described  credit  is  due  chiefly  to  Mr.  C.  G. 
Abbot,  who  efficiently  aids  me  in  its  charge. 

NECROLOGY. 

QEOBGE   BBOWN    OOODG. 

Since  the  close  of  the  fiscal  year  tbe  Institution  has  snfiered  the  irrep- 
arable loss  of  its  assistant  secretary,  Dr.  George  Brown  Ooode,  who 
died  on  September  6, 1896,  at  his  home  in  this  city.  A  sketch  of  his 
hfe  will  more  properly  be  given  in  my  next  report,  but  1  can  not  refrain 
from  Raying  a  word  at  this  time  abont  one  with  whom  I  was  not  only 
officially  intimate,  but  who  was  a  very  dear  personal  friend. 

Ur.  Goode  was  born  at  New  Albany,  Ind.,  on  February  13,  1851. 
He  was  first  associated  with  the  Institution  in  18T.'{,  itud  from  that  time 
until  his  death  was  thoroughly  devoted  to  the  work  he  so  loved — tbe 
building  up  and  development,  under  tbe  charge  of  the  Itcgontn,  of  a 
great  National  Museum.  In  1887  be  was  appointed  assistant  secretary 
of  the  Institution  in  charge  of  tbe  National  Museum,  whiob,  as  it  exists 
to-day,  is  perhaps  the  most  fitting  monument  to  his  memorj-. 

He  poHsesaed  an  exact  scientific  training  that  made  him  eminent  as 
a  zoologist,  bat  it  was  as  a  specialist  in  museum  administration  that  he 
was  perhaps  skilled  above  all  others,  and  he  gave  himself  with  entire 
devotJou  to  the  care  of  the  Musenm,  which  was  practically  bis  charge, 
refusing  many  advantageous  ofiTera  to  go  elsewhere,  for  tbe  peculiar 
vaine  of  his  services  was  everywhere  acknowledged. 

Dr.  Goode  united  with  his  great  administrative  ability  singularly 
varied  powers  in  other  directions,  and  the  mdst  entire  unselfishness  in 
their  use  I  have  ever  known.  My  own  trust  iu  him  grew  with  every 
evidence  of  his  special  fitness  for  it,  while  oar  ofiicial  relations  continued 
to  be  of  the  most  happy  character,  and  so  also  were  those  of  his  asso- 
ciates and  sabordlnates,  for  he  possessed  tbe  rare  art  of  maintaining  an 
exact  discipline  without  sacrificing  the  aBcctious  of  those  over  whom 
it  was  administered.    He  is  gone,  and  his  snccesBor  is  hard  to  find. 

WILLIAM  CRAWFORD  WINLOOK. 

After  the  conclusion  of  the  transactions  of  the  Exchange  Borean  for 
the  fiscal  year,  and  before  the  annual  report  of  tbe  Institution  wa^ 


80  BEPOBT  OF  THB  8ECBETABT. 

Hr.  (i«or|[e  C.  MayiiuTU  has  oooepted  Ibe  caBtotliAnahip  of  the  Gull«ctiaa  of  ehe- 
trlcul  opparatui.  Dr.  C.  Uart  Uerriani  bu  been  eorolled  upon  the  list  of  awocuhs 
In  ziioloRy. 

IHitribulitM  of  ipi^iiiieni. — Neftrly  30,000  specimenB  of  all  kinds  have  been  dUtrib- 
utnil  i1uriii){  the  year.  About  fuur-filtba  of  this  nnmberwere  (lonated  to  inatilti- 
tiunH.  Tbo  total  qIho  iDoluilea  a  large  utunber  uf  specjineoa  wbicb  were  tranunitted 
lu  i^x  I'll  an  tin  tu  inBtitnlions  anil  iniUvidaals.  Siwcimens  are  in  no  case  givi-n  to 
InilivldiiftlH.  Of  the  entire  nutubei  of  Bpecimeus  distributed,  probably  two-thinls 
owitxUtnd  of  MxBn  and  ioverti'brate  foniia  of  marine  life.  More  than  2,300  geolu^ieil 
■)iei-inii'tiN  and  al>out  half  «s  many  casts  of  prehistoric  imptemeDto  an-  also  included 
lu  liia  ttitiiluiiuibuT. 

rMilui'K.— Tlio  number  of  visiton  to  the  Smithsonian  bnilding  daring  the  jearoM 
UW.iV«>.  nod  to  tUo  Museum  building  180,S0B. 

.Vfm-tiiirii'  rrtTiiTil./'ur  rfrfvrMJBaliaa.— Thete  has  been  a  notic«abI«  iucreasa  in  the 
liumlH'V  t>f  "  111" '  vf  nialccial  H'ceived  for  idenlilicatiau.  This  is  readily  accoanlcd 
(»r  l>>  Ihc  <>ui-oura)^uiMit  which  the  Mnaeum  has  always  given  in  this  flirection.  A 
sliitii'  •  r  liisii'l.  iioitiully  wtiTthltiUi,  but  believed  by  the  seiider  to  have  some  scicD- 
ltlli>  iir  i'>u«iiiH-mat  taluv.  isaa  cart'fully  cxainined  and  reported  upon  as  would  bci 
i<iiUi'<'<'>>n  hn>  ii>K  rfwigiiUwl  valuf,  ftom  a  eorreepondeut  known  to  be  engaged  in 
..H'ulii'-  »•.«'••  ''"'  number  of  "U'ta"  received  during  the  year  was  612,  or  as 
lnv»M-o«i  ;■•  .">■'  (|iifuuoilHTtr«ivedla»tyoar. 

J,..,,  ■■.«  »j-^»      K\vhaU)iw>hav6  bi-eu  madt' with  a  number  of  foreign  msieDms. 

Vmirtii;  lh'-.w   i«i,i   <•*   ii"-"!.!!!"!  ilie  Koyal  Zoological  Uiiseum,  Florence,  Ilali; 

\t       11  I't'  'ex-*.  S^*  Taiiui.  I'ta.'il:  Ithlish  Museum,  l^DdoD,  England;  Zoological 

u  .   '   1 1    t''  r.t'    I:a!i  :  1i>'ni'.iiuiti  Muivum.  London,  England;  Anstraliun  Uuseoui, 

k    1^1,,,     \*«   >,-.  >^   "AatT^:  la  Tlala   JIumuiu,  M  Plata,  Argentina;  Musenta  at 

h  ■   r  >>  w     Vi;;^  t'riv^y:  Muwuiu  of  Naliual  History,  Genoa,  Italy;  liu>!it 

.      ' .   .   .■   V-M---1',  ^^*>*■"^*x*o.  IVnaart;  Imperial  Zoolopcal  Mnsenm,  Vicniia, 

'_'■''    Y  ^  -. ,  ^^«  ,,;"  -.siNTioir.vf  hi^palsii  hff*o  made  witli  individuals,  amnut; 

v.-  I..-      -'■-.■A  V;    l".;»jni  linell.  i't»ydon,  England;  Mr.  Edgar  J. 

I'    '  ..   ,.  .,  \  ^   .,  \V«..-r  \X,\r».s,  Sf3lli  JkoT^ralia:  l>r.  A.  C.   Haddon,  Cam- 

."       '     1         ,         *-.v,-,    »..,■*■,■,-*  lv'.',-.v.  IVrsi;;*.  Italy;   l>r.  Henuan  Creclner, 

,,  ,     ;~-    X    !"»^  -■■■■.  V,-p*»»,K;-.-*i»;  Col, Charles  i^cott Grant,  Ham- 

'  ',   ','    .   ^.    .,,,l'^-.,    V   >5.i-.-^.l- rr5#r.i*,  i»>«ria. 

.  I  .  \.,,„... ,  ^      >v  \  1 1  vfi.j,;  Vi-«t=.  !v'i  lS<i  waa  puhliahed  early  in 
',   ^  ^    ,,...  .s    v. -.v. I  /.  5i«  KiTvci  !.«  tSM  is  already  in  type. 

'    '      '  ^  _,,     ,  1,.  \it.,  V,,.,    V~-»-u- *k»  ^rni^«d  from  the  Govem- 

^  „  ^   ^  ,  ,  .     1..  ,■.-    .1  ."  ■  .?      A-"-  l»>«  F*?*^*  f"*  Voluui«  18,  eicept- 

.^^,,„  T  ,,»,     'i.r-''*!  ijiu  ■■  ..'  7^^■^»V.^  bei»«dylbrdistribulion 

'    '  .  .       \    .-..II  >•  •         »J   ■*.■■.«  (U.  l:'ni*  *i  ilrr*  P^P"*  *<>  appear  in 

'  , ,  „  ^   »,.,    ,  [^   ■  1.1  .-J.J,      r»-'  «*  iJ-rtrtvCiljuncd  dtacri|iliciui 

*  '     '  ',  '       ,     .,.,,   »..<   v....v.-'i    l.i-TTt  J.ik  a3>i  inif3*(«»  oiilalned  by  the 

.  \ '^>'^,„..  .„.  .,    ■vK.   -<    <•-««.«.  ^■"V   w  ?«  JUiwis,  Toi.    The 

'    ,  .        ,-,,   .„.«^  1,    IV  •   ii.Miiu.i.b-  trim.  Ibe  Mtoican  border, 

I  _^        \  , .  I   VI'.   >  '111  u   vime'.-fc  '  >»  '.•:.  1'-  S  Jordan  and 

^  ,   _    ,     K  ■^\,-i,   iiri.   !■!  .•f.-.i   »?    "A  Bibliography 

^  *^  ^,  ,'         .,    ■■.    .,1,      -^'ii-t-i-    V   'L  >  ■  icwfored  by  Dr. G. 


>    I,    ^w«^  ■  -.■viU  and  Dr. 
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133  platca.    Special  Bulletin  Nu-  3  is  alao  ready  for  the  prera.     This  ia  tho  aeoond 
Tolnme  of  "Life  HUtories  of  North.  Aiu<;rii;au  Birds,"  by  H^.Uharles  Bendire. 

In  tbe  aeries  of  circulara,  No.  4T  has  been  iasned.  The  object  of  the  circular  is  to 
indicate  the  eoDditiona  upoti  ^vhich  the  Museaiti  will  nndurtake  the  idenf  iKcatiun  of 
molliuka.  The  ueceasity  <if  pTJtiting  such  a  i-ircuUr  arose  trom  tbe  vast  amount  of 
material  of  this  kind  reorit-ed  for  examination  duriug  receut  years,  lu  almost  every 
instance  tbe  return  of  tbe  inateTiuI  was  expeoted,  and  thus  tbe  MuiieuDi  wait  called 
npoD  todaa  very  large  amoUDt  of  woik  with  little  or  no  return  of  any  kind. 

SxploratioHi. — I>r.  AVilliam  L.  Abbott  baa  continued  his  explorations  in  Africa  and 
India,  and  the  MoMtuu  is  deeply  indebted  to  biin  for  additional  coUeotlODS  of  ethno- 
logical and  natnral- history  objects.  Among  the  lBtt«r,  a  flne  series  of  skins  of  temun 
and  of  the  iDaectiroreapecnliartosontheaatem  Madagascai  are  of  conspicuous  inter- 
eat  and  valui-. 

A  ralnable  collection,  couaisttngof  1,553  specimens  of  antiquities,  obtained  in  1896 
taym  the  cliff  dwellings  and  anviont  pueblos  near  Tiisayaii,  Ariz.,  has  heea  gathered 
bj-  Dr.  J.Walter  Fewhes.  Thia  collection  will  douhtlenH  be  KUppleniented  byothi-rs 
of  equal  intereet,  as  Dr.  Fowkes  in  continuing  hin  explorationa  this  suuiuier(1896). 

A  very  acceptable  collection  of  natural- hiittory  material  was  oblained  for  the 
Unseam  by  Lieut.  Wirt  Rohinaon,  U.  S.  A.,  during  his  travels  in  the  West  Indies  nud 
South  America. 

Additional  coUertious  of  uiammals,  binla,  and  other  natural -bistory  Hpeciinens, 
obtained  in  Virginia,  PennHylvania,  and  the  Gulf  of  California,  have  been  received 
from  Dr.  Edgar  A.  Ueams,  U.  S.  A. 

A  collection  of  objects  illustrating  the  manner  of  life  among  the  Kiowa  tribes  has 
been  gathered  by  Mr.  James  Hooney,  of  the  Bnieau  of  Ktbnology,  and  transferred 
t«  tbe  National  Husenm. 

As  a  result  of  explorations  in  a  cavern  near  Dufilelil,  Scott  County,  Va.,  condncted 
by  Oen.  A.  L.  I'rldemore,  of  Jonesville,  Va.,  the  Museum  has  recci>'e<I  a  large  col- 
lection of  hninaa  bonen. 

Important  collections  have  been  received  from  the  Uniteil  States  Fish  C'ommiaston, 
comprising  material  collected  in  VHrious  part«  of  tbe  I'nited  Statea  by  exploring 
parties  sent  out  nnder  tbe  direction  of  the  Conuuissiou.  Tbe  Department  of  Agri- 
cnltnre  has  been  instrumental  in  adding,  through  its  explorations,  to  the  Museum 
collections.  A  fine  collection  of  Lower  Siluriau  foasUs  from  Valcour  Island,  Lake 
Champlain,  and  of  trilobilcs  from  Rome,  N.  Y.,  was  mode  by  the  United  States 
Geological  Survey,  and  will  in  due  conrae  be  transmitted  to  the  Museum.  Several 
krge  and  valuable  celleotiona  have  been  received  from  tills  source  during  the  year. 
Prof.  R.  Ellsworth  Call,  of  Cincinnati,  Obio,  ban  exploreil  some  of  the  caves  in 
Kentucky,  and  has  transmitted  to  the  Museum  a  large  number  of  l>ats  from  tlie 
Uammoth  Cave. 

Several  of  the  curators  and  assistant  onrators  iu  the  Musimm  have  at  various  times 
during  the  year  been  engaged  incollecting  material,  The  renutts  of  tbraecipeditionH, 
nbich  were  for  the  most  part  very  successful,  have  been  incorporated  inio  tbe 
Unsenm  collections. 

CdIIoii  State*  and  InleTHalional  Exposition,  ^(loitdt. — Tbe  exposition  oprned  on  Sep- 
tember 18  and  closed  on  December  31.  Fourteen  departments  of  tliu  Museum  nere 
Npreseoted  by  special  eibibite,  and  also  several  sections  of  tbe  dopartiuent  of  arts 
and  industries.  Tbe  sum  allotted  to  the  Institution  and  the  Museum  was  $22,000. 
TheUiiaenm  report  for  this  year  (1895-96),  nowincourseof  preparation,  will  contain 
inelaborate  report  upon  the  exhibits  of  the  Institution  and  tbe  Mneeum,  accompa* 
Died  by  detailed  lists  of  the  objects  exhibited. 
Bcspectfully  submitted. 

G.  Brown  G<ioi>f, 
AitulanI  Sacnlary  ji>  C^r^e  i^lhe  U.  S.  yalional  Muteum. 
Mr,  S.  P.  Langlkt, 


Secretarg  of  lAe  Saiitk«onia»  Imtlittilion. 
AOODST  1,  1896. 
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REPORT  OF  THE  DIHElTOE  OF  THE  BL'REAIT  OF  AMERICAN  ETHKOLOGY 

F*,1R  THE  VE.\R  EXDINO  JUNE  30,  1896, 

Sir:  Etliuologic  mwanbra  have  been  cMTied  forward  throoghout  the  fiatal  yew 

f n ttciconUiico  with  the  act  of  Conpww  making  provision  "for  rontinning  ivMiirchea 

relating  to  the  Anierioan  Indiatu,  under  the  direction  of  the  Smithsoaiaii  limtito- 

An  horotulorf.  the  operationa  have  b«en  condneted  in  accordance  with  n  plan  snb- 
niitte.1  at  th-  begiuuing  of  the  fiscal  year.  Field  opfrationH  of  consiaerable  eitent 
liMve  be.-u  parried  on  in  Arizona,  Florida,  Indian  Territory,  Indiana,  Maine,  New 
Mexico,  Oktiihonia,  anil  ^Dors,  Mexico.  The  office  reseanhea  have  l)ecn  carried 
forward  by  tht.  nse  of  material  from  moat  of  the  SUtea  and  from  various  other  parte 
of  the  continent. 


The  innnediato  pnrpoeo  of  the  Coogreea  in  instituting  the  Etlinological  Bnrean  was 
to  obtain  defluite  information  concerning  Indian  tribes,  to  the  end  that  they  might 
be arraiigeil  in  amicable  gronps  ou  reservations;  and  this  primary  purpose  hwb*en 
eonstnutly  homo  in  mind  and  haa  from  the  beginning  shaped  the  opcratioDs  of  the 
Bureau.  lu  conHitlcrhig  the  qtiulities  which  conduce  toward  amitj  or  tend  toward 
enmity  among  the  tribes  it  was  found  that  differences  in  mythology  or  belief  com- 
monly enggniler  distrust  and  strife,  while  similarities  in  mythology  inspire  mntoal 
,conflilcucv  and  thus  promote  peace;  accordingly,  it  was  deemed  necessary  to  invea- 
tigute  tbe  nlKniginal  niyti'ology-  It  i^aa  also  found  that  tribes  and  confederacies 
oontrollud  by  similar  laws  and  governed  by  chiefs  chosen  In  the  same  way,  and 
organized  or  n^gimentcd  ou  parallel  lines,  iisnnlly  oseociate  peacefully,  while  tribee 
or  other  groupn  whose  institutions  are  unlike  can  not  aaaociate  withont  friction  toA 
clashing;  thus  it  seemed  desinibb-  to  tuko  up  researches  concerning  the  institutions 
of  tho  aborigiues,  and  the  early  work  iu  this  direction  proved  so  f^nitful  as  to 
encourage  its  ptoMei'utiou.  It  was  found,  too,  that  tribes  and  other  groups  whose 
Industrial  arfH  -nnrts,  nnd  giimes  arc  of  olUt^d  character  are  commonly  harmonloni, 
le  arts  are  diverse  are  suspicions  of  onch  other  mid  ]irone  to 
tbta  and  other  reasons  it  was  deemed  needful  to  inveatigate  tbe 

md  that  there  is  a  relation  between  the  l)eliefs,  inatitutiont,  and 
and  the  languages  spoken  by  tboni,  and  as  the  researches  pro- 
L  was  found  so  iutimate  that  the  longuages  may  safely  be  regarded 
liiulilies,  and  licnco  that  language  alone  can  safely  be  used  aa  > 
ination  of  tribal  qnalities  and  for  tbe  arrangement  of  the  Indians 
Acconlingly,  much  attention  was  given  to  lingnislic  roacanhes, 
oftbe  tribisBoftbe  United  States,  with  aonie  of  those  in  the  oon- 
eri'  classilied  on  a  lingnistic  basis.  Meanwhile  invostigatiom 
hjects  were  carried  forward,  and  were  fonnd  of  much  importance, 
"nary  lines  of  reHearch  were  developed.  80  far  as  practicable,  the 
lurean  have  be.^n  so  conducted  bb  to  advance  knowladge  equally 
i«i.  I'ractiaal  considerations  have,  however,  led  to  a  somewhtl 
i>f  tb«  work  into  tho  commonly  recognized  departments  (1)  ar 
iptlVB  ethnology,  (3)  sociology,  {i)  linguistioa,  (5)  mythologj, 
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(6)  paycbology,  (7)  bibliotfrapby,  uid  (8)  pablicatfoD,  witli  the  necAasftry  adminU- 
tntive  sod  ipisc«llui«oas  work.  Hoat  «f  the  researches  are  neoeaaaritr  carried 
Tanrard  in  the  field,  while  the  lield  materisliBelsboTBtedin  thaoffice.  Accordiogly, 
tbe  field  work  and  the  office  work  are  treated  together  except  in  so  far  as  the  fortner 
msf  be  connidered  explonttory,  wheo  it  commoDly  relates  to  different  Unee  of  pri- 
mtrj  research. 

KXPLORATIA!!. 

At  the  beginning  of  the  fiscal  year  Dr.  J.  Walter  Fewke«  was  In  the  Geld  in  Arizona, 
baTiDg  eompleteil  daring  June  a  recounoissance  of  the  tittle-known  ronntry  inclnd- 
iogthe  northeastern  eilensionof  the  Mogallnn  cecarpmeut  about  the  bead  waters  of 
Rio  Verde.  He  repaired  early  in  Jnly  to  Rolbrook,  an<l  proceedeil  to  explore  the 
rainad  villages  of  Dortfa^aaleni  Arizona.  After  a  more  or  less  sucreBshil  reconnoia- 
sance  extending  over  a  runaiilerable  district,  he  chose  for  detailed  work  the  luin 
known  as  Sikyatkt.  Here  be  was  joined  by  Mr.  F.  W.  Hodge.  It  was  ascertained 
throngb  tradition  and  literary  record  that  the  rnin  represented  a  wholly  prehistoric 
TJlla^;  and  excaTationa  were  begnn  with  the  certainty  that  all  materinl  exhnraed 
wonld,  fur  this  r«afiOD.  be  of  eti>ecial  valae  in  indicating  the  aboriginal  condition  of 
tbo  pnebio  builders  of  this  district.  The  anticipations  were  fully  n-alizeil  in  the 
mnltB.  lu  all  of  the  abundant  material  exhumed  and  duly  transferred  to  the  United 
States  National  Museum  no  trace  of  iotmsive  acrnltitral  art  was  found ;  every  piece 
was  clearly  prehistoTi<' ;  and  the  collection  was  the  richest  both  in  t(nantity  of  mate- 
rial and  the  quality  of  the  ware  and  its  symbolic  decoration  thus  rnTobtsinetlin  this 
country.  While  it  is  especially  rich  in  decorated  pottery,  many  other  nrticlea  illua- 
trating  primitive  handicraft  and  cuitomn  were  obtained,  together  with  a  sufficient 
smonnt  of  saniatnlogic  material — erania,  etc — to  reveal  the  prominent  physical  char- 
aeleristlcsoftbe  ancient  people.  Extensive  collections  were  made  ulao  in  the  ancient 
mia  of  Awato)>i.  Dr.  Fewkea'  operations  were  brought  to  a  close  towanl  the  end  of 
August,  when  he  retnmeil  to  Wibbington  with  his  collections,  comprising  seventeen 
boxes  from  Sikyatki  and  Awatobi,  and  three  ftoni  the  mins  on  the  head  waters  of 
Biu  Verde. 

Separating  from  Dr.  Fewkea  at  Holbrook  abont  the  end  <if  Angnat,  Mr.  Hodge 
madeareconnoisirianre  of  all  the  inhabited  pueblos  of  New  Mexico  comprising  Zuni, 
Acoma,  and  I..aguna  In  the  western  part  of  the  territory,  rocbiti,  San  Felipe,  Aanto 
Domingo,  Santa  Ana,  Sia,  Jemez,  lsleta,Sandia,Tao«,Picuris,  Santa  Clara,  San  Juan, 
San  llilefuoao,  Pojoaque,  Nambe,  and  Tesni|iie,  in  tbe  valley  of  Kio  Orande.  At 
nearly  all  of  these  pueblos  he  was  able  to  obtain  valuable  information  relating  to  the 
•oeial  organization,  beliefs,  migrations,  and  affinities  of  the  natives.  In  several 
eases  the  Indians  have  remained  ho  completely  isolated  an  to  lie  tittle  known  to 
itadents,  and  accordingly  much  of  the  information  is  essentially  new. 

Tbe  early  pnrt  of  the  year  was  spent  by  Mr.  James  Mooney  in  ttie  field  in  Okla- 
homa in  researches  concerning  the  Kiowa  Indians,  tbe  details  of  which  are  set  forth 
elsewhere. 

Koteworthy  exploratory  work  was  conducted  by  Mr.  W  J  McGee  in  continuation 
and  extension  of  the  explorations  in  Arizona  and  Sonora,  Mexico,  began  daring  the 
last  fiscal  year.  Outfitting  at  Tncson,  Ariz.,  he  started  sonthward  on  November  9, 
tftR,  crossing  the  frontier  at  Sasab^  and  proceeding  thence  in  a  ilifferent  direction 
from  that  already  reconnoitered.  By  the  middle  of  tbe  month  be  reached  the  nioet 
staborate  prehistoric  works  existing  in  northwestern  Mexico,  near  the  rnucbo  of 
San  Hafael  de  Alamito,  on  the  principal  wash  known  locally  as  Rio  Altar.  The 
vorka  comprise  terraces,  stone  walls,  and  enclosed  fortifications,  built  of  loose  stones, 
nearly  surronnding  two  bnttes,  of  which  the  larger  is  three- fbnrtfas  of  a  mile  in 
leugUi  and  about  600  feet  in  height. 

These  rains  are  known  locally  as  "Los  Trlncberos,"  or  as  "Trinchera"  and 
"Tiincharita."  The  whole  of  tbe  northern  side  of  tbe  larger  hntte  is  so  terraced 
and  vailed  as  to  leave  hardly  a  sqnaro  yard  of  the  surface  in  the  natural  oonditionj 
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and  for  hnndreda  of  aqniire  roilB  tlie  grouDd  is  literftlly  sprinkled  wiUi  fragnieDta  of 
pottery,  spallx,  and  wastera  prodnred  in  making  cLipped  implomente,  and  oUier  arti- 
ficial material.  Mr.  Willard  D.  JoliDson,  who  nccompaoicd  tlio  party  as  topogtapher 
(OD  furlough  from  tiio  United  States  Geological  Suney ),  and  wbo  carried  fomud  a 
roiit«  map,  made  detailed  aurveyti  of  tbeno  niiDs;  a  number  of  photographs  irno 
taken  also,  while  a  ronsideralile  collection  reprcseuting  the  fraicmeotarf  pottery 
and  etoiie  art  of  the  Imildera  waa  obtained.  After  some  days  spent  at  this  locality 
the  expedltioDB  pnnlied  on  aoiithward,  traversing  the  principal  nioiiatain  range  of 
westf-m  Sonora  in  a  narrow  canyon  below  I'cmo  Noriega,  and  thence  following  for 
50  niititti  the  sand  wnsb  kDowo  as  Rio  B:icnaclie,  wbii-h  nns  not  previously  mapped. 
I^eaviog  this  wash  npar  itA  iuiiefiiiite  tormiuatiou  on  the  denei't  plains,  tlie  course 
was  headed  toward  Kaucho  de  Ban  Francixco  de  Costa  Itita,  wheru  a  rancheriaof 
Seri  Indioiia  was  fonnd  in  1894.  Oo  reacliing  this  point  it  wus  ascertained  that  the 
Indians  had,  through  a  ci>mbi[iatian  of  circnmatanfeH,  l>oconio  more  hostile  toward 
n'biCe  men  tbau  ever  before,  so  that  the  prospect  for  studying  their  arte,  inatitutions, 
and  beliefs  seemed  moHt  gloomy.    Novertholesa,  it  was  decided  to  make  the  effort. 

At  tbo  rancho  a  rude  boat  was  built,  n'itb  the  aid  of  Sefiur  rasctial  Euciuu,  of 
Hermosillo ;  a  preliminary  trip  was  Ihen  made  over  the  continental  portion  of  Seri- 
land,  including  the  Seri  Mountains,  which  were  ascended  fur  the  first  time  hy  white 
men,  and  were  carefully  mapped  by  Mr.  Johnson.  It  was  expected  that  the  Indians 
would  be  encountered  on  this  trip;  but  unfortunately  there  had  been  n  skirmish 
between  a  small  party  of  tlie  Seri  and  a  jiarty  of  Mexican  vai|ueros  tno  days  before 
the  expedition  entered  Seriland  proper,  and  the  Indians  had  apparently  withdrawn 
to  the  coast  and  Tihuron  Island.  Returning  from  this  siile  trip,  the  boat  was,  with 
much  difficulty,  transporteil  across  Kncinas  desert  and  launched  in  Kino  Bay,  a  reeo- 
traut  in  1lie  coast  of  the  Gulf  of  California.  The  stock,  with  the  teamsters  and 
lollies,  were  sent  hack  to  the  rancho,  while  the  main  party  proceeded  up  the  coast 
to  the  strait  separating  Tibnron  Island  from  the  mainland.  It  had  been  oslimated 
from  tlie  best  available  data  Ihat  from  live  to  Rcvcn  days  would  be  rei|uired  for 
crossing  theiitrait,  surveying  Tibnron  Island,  and  making  rollections;  and  ten  days' 
rations  with  five  days'  water  supply  were  provided.  The  party,  in  addition  to  tlie 
leader,comprisedMe8srs.W.D.  Johnson,  topographer,  J.  W.  Mitchell,  photographer, 
and  8.  C.  Millard,  interpreter;  Sertores  Andres  Noriega,  of  Costa  Kica,  and  Yguseio 
Lozania,  of  Hemioaillo;  Mariaua,  Anton,  Miguel,  Anton  Castillo,  and  Anton  Ortiz, 
Papago  ludiaus;  and  Kuperto  Alvarez:,  a  tnixed-blood  Yaki.  A  military  otganiia- 
tion  was  adopted,  strict  regulations  were  laiil  down  for  the  i>rotection  of  life  and 
property,  and  watches  wore  instituted  and  rigidly  maintained. 

On  proceeding  up  the  coast  toward  the  turbulent  »trait  KI  Inliemillo,  severe  galei 
were  encountered,  whereby  progress  was  greatly  retarded;  and  on  reaching  the 
strait  the  winds  continued  to  blow  ho  violently  as  to  fill  the  air  with  sand  ashoreaod 
spray  at  sua,  and  to  render  it  impossible  to  make  the  passage.  Finally,  after  five 
days,  when  the  water  was  exhausted,  the  K'''e  lulled  sufQciently  to  permit  a  difficult 
crosHing  with  a  portion  of  the  party  and  a  small  part  of  the  scanty  food  and  bedding; 
but  wbeu  McH^rx.  Johnson  and  Mitchell  set  out  on  the  return  trip  to  bring  overSefior 
Koriega  and  two  of  the  Indians,  wlin  remained  with  the  supplies  on  tbe  mainland, 
the  gale  rose  again  and,  despite  the  mo9t  slrenuous  efforts,  blew  the  frail  vessel  2> 
miles  down  tbe  t-nlt,  where  it  was  practically  wrecked  on  a  desert  island.  On  Ihe 
following  day  the  wind  subsided  somewhat,  and  tbe  two  men  were  able  to  empty  ths 
boat  of  the  sand  with  which  it  had  become  filled,  to  repair  it,  and  finally  to  reach 
the  fender  von  3  on  tbe  shore  of  Kino  Bay  in  time  to  meet  the  teamsters  from  the 
rancho  on  their  return  to  bring  in  tbe  party.  Here  water  was  obtained,  and  Mesen. 
Johnson  and  Mitchell  again  worked  their  way  np  the  coast  in  the  face  of  adverse 
wiudn,  uHually  tracking  the  boat  laboriously  along  the  rocky  coast;  but  it  was  not 
until  the  cud  of  the  fourth  day  that  they  rejoined  the  three  men  lefton  the  mainland, 
who  had  suflorcd  much  from  thirst,  and  again  crossed  the  strait  to  find  the  larger 
Dortion  of  the  party  with  the  leader  on  Tiburon  Island.    Meantime  the  group  on  the 
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uUod  li&d  snffflred  inconvenience  IVom  dearth  of  food  and  Manhetn,  and  iiad  bnon 
compelled  to  dsTote  nearly  all  tbi-ir«ner);ie«  to  obtnininj;  water  from  a  little  tinaja, 
or  water  pocliet,  in  tbe  rocks  in  the  interior  of  tlie  ialanil  6  or  T  miles  ftom  tlm  iibore. 
All  Iiope  of  Tetnm  of  the  boat  had  been  abandoned,  and  nlicn  it  Husllf  B[>pesred 
Ibc  party  were  collecting  driftwood  and  brancbef  of  the  palo  blanro — a  tree  flow- 
ing iparselir  on  the  monntaino  in  the  interior  of  tho  islnud — to  build  a  raft,  wliila 
CDC  of  the  party  wan  engaj^ed  in  makinjr  the  necessary  ropes  from  prurinion-baga 
and  clothing. 

On  the  reassembling  of  the  party  the  original  plans  wdre  rcKnnii'd;  tho  leader 
TiBttod  a  score  or  more  of  Seri  honie  bowers  or  ratii-heriiis,  only  to  finil  them  aban- 
<1odm1  (though  some  bi>re  evidence  of  oi'ciipancy  within  a  few  hours)  while  Mr. 
Johnson  rontinaed  the  topographic  snrveys.  Ity  this  time  llie  food  ■njipties  were 
practirally  exhansted,  but  were  eked  out  by  collertiUK  oyi>tere,  rlaniN,  and  cralm  ]ind 
by  ■  ihark  taken  on  the  next  to  the  lastduy  of  the  >>tay  on  th«  inlaud;  and,  aslwfore, 
DNSt  of  the  energieH  of  the  party  were  expended  in  larrying  water  from  4  (o  15 
nilee,  for  which  pnrpoae  si|nadH  of  five  or  mon<  heavily  armed  men  wi're  reqniMte, 
■ini-e  tbe  danger  of  nnihnnh  wuh  ronaiderable  and  ronstaiit.  fly  theao  joiiniejH  over 
the  jagged  rockn,  in  which  Tiburou  iBhmc]  abonuilH,  the  shoea  of  the  white  men  and 
tb«  sandals  of  the  Inilians  were  worn  ont;  and  tliiH  condition  linnlly  couiMslleil  the 
abanilnunient  of  further  eflbrt  to  come  into  i-oinmnnii-ation  with  tlie  wary  Indians, 
Cotmiderakle  rollei-tions  repri'sentiiig  their  crude  arts,  doniostii'.  and  maritime,  were, 
howaver,  mode  in  their  freebly  abandoned  rani.'heriae,  and  a  line  lialna,  or  ranoe- 
raft  made  of  canes,  was  obtained. 

ARer  some  delay  and  danger  the  atrait  was  recruHSed,  unil  tlie  party  fonnd  thum- 
Mlves  on  the  mainland,  still  beset  l)y  storms,  without  food  or  water,  reduced  by 
ardoooa  lalior  and  iuRDfOcient  fofHl,  and  practically  barefoot  in  a  region  abounding 
ia  thorns  and  spines  And  jagged  rocks.  MoreoTer,  they  were  still  constantly  nnder 
the  eyes  of  8eri  warriors  watching  from  a  distance  and  awaiting  opjKirtunity  for 
■ttack.  After  folly  considi-ring  tho  situation,  the  Icailer  left  tbe  party  and  tho  boat 
in  charge  of  Mr.  Johnson  and  skirted  the  const  on  foot  for  2.^i  miles  to  the*rendezvouB 
on  Kino  Bay  in  the  hope  of  reaching  the  teamster  from  the  ranchu  with  snpp'ies  on 
the  Unt  day  of  his  stay  there  under  tbe  instnictionH  given  him  by  Mr.  .lohnaon,  on 
.  last  leaving  that  point  after  the  wreck,  lie  rca<*bed  the  rendezTous  early  in  the 
nightof  T>e(-eml>er  28,  only  to  find  it  abandoned  by  reason  of  the  accidental  eHcape 
of  the  stock.  He  at  once  pushed  on  across  the  dcM'rt  to  the  raticho,  reaching  there 
swly  in  tbe  morning  of  tho  29th,  and  immediately  reluming  with  food  and  water. 
Ilw entire  party  arrived  at  the  rancho  on  the  evening  of  December  !tt,  anil  two  days 
later  proceeded  to  Hermoeillu,  whence  the  leader  returned  directly  to  WaHbington, 
while  Mr.  Johnaon  retravetsed  the  country,  thence  northward  to  the  Ariiiona  lioiind- 
arjr,  collecting  objects  and  information  among  tbe  Papago  Indians  and  coinjileting 
the  triangnlation  and  tojiograpfaic  surveys,  tie  reachetl  Tucson  al>ont  the  end  of 
Jatinary. 

While  the  expedition  was,  by  reason  of  the  hostility  of  tlie  IndianK,  iinBUci'essfnl 
iD  far  as  the  anticipated  studies  of  tbe  -Suri  inetttntions  nnd  beliefs  are  concerned, 
eoniidenble  collections  representing  their  3rt«  were  obtained.  Moreover,  the  whole 
of  Serilsnd,  the  interior  of  which  woe  never  before  trodilen  by  white  men,  was  exam- 
>D«d,  Knrveyed,  and  mapped;  and  the  eijvedition  resulted  also  in  a  xiirvey  nf  such 
character  as  to  yield  the  Brat  topographic  mnp  of  a.  broad  belt  in  Sonoru  extending 
froni  the  international  boundary  to  ^onora  River.  The  anm  covered  by  this  survey 
is  ahoat  10,000  square  miles.  Forty-seven  statiouN  were  occupied  for  control,  and  a 
coQsidenbly  larger  number  of  additional  points  for  topographic  sketching.  The 
portioD  of  tbe  map  comprising  Seriland,  being  essentiall}'  new  to  geographers,  has 
been  published  in  the  Kational  Geographic  Magazine  (Vol.  VII,  1896,  PI.  xiv).  It 
iaapleasare  to  say  that  the  work  of  tho  expedition  was  facilitati'd  in  nil  ponsible 
waya  by  tb«  Stale  officer*  of  Sonora  and  the  federal  autborttieH  of  the  liepublic  of 
Heiioo.    Byspeeiftl  »a(hority  of  Hia  Excellency  Sehor  Leal,  sevretario  de  fomento, 
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th«  part;  naspenUtted  to  oroes  the  boundary -with  the  outfit  and  neceaaarfBnppliee; 
vhile  the  govomot  of  Sonora,  Serior  Ramon  Coral,  offered  to  famiiib  a  goaril  of  state 
troops,  and  in  other  ways  displayed  rnnstant  int«rcit  in  the  work  of  the  oxpedition. 
Morh  is  doe,  also,  to  SeTior  P&scual  EncinM,  an  iiitro|>id  piooecr,  to  irhoee  conim^ 
and  energy  the  extension  of  settlpment  in  tlio  liordere  of  Seriland  niiist  be  ascribed, 
and  a  well-knowtl  uitizeu  of  Ilemioeillo,  without  whoHe  asBistance  the  wock  would 
havo  been  crippled. 

OrFicB  Work. 


Dr.  J.  W.  FewkeH  brought  bin  field  explorations  and  excavations  to  a  cltiee  toward 
the  end  of  Angust  luid  pToceed>'<l  to  Washington,  where  he  waa  for  several  moiithi 
employed  in  unpiwkiug,  cleaniug,  repairing,  labeling,  and  installing  in  the  National 
Museum  the  oollections  of  pottery  and  other  abori^^inal  material  olitaineil  in  the 
course  of  his  work  in  Arizona.  In  connection  with  this  duty  he  prepared  a  general 
paper  on  the  results  of  his  work  fur  the  annual  report  of  the  Smithsonian  Institu- 
tion, and  began  the  preparation  of  a  more  extendeil  and  fully  iilnatrated  memoir  for 
incorporation  in  the  seveotwentb  annual  report  of  the  Bureau ;  he  waa  occupied  on 
this  memoir  during  most  of  December,  1S95,  and  until  bis  departure  to  the  iield  in 
May,  1896.  In  this  report  rspeoial  attention  ia  given  to  the  symbolic  di-coration  of 
the  pottery  and  to  its  bearing  on  the  mythology  of  the  I'ueblo  Indians. 

Toward  the  end  of  the  fiscal  year  Dr.  Fewkes  rcturneil  to  the  field  for  tlio  pnri>oee 
of  making  excavations  and  mirveys  of  ruins  brought  to  light  through  his  previous 
reconuoissance.  Hu  waHoccompauieit  by  Mr.  Walter  Hough,  of  the  National  Museum, 
who  was  detailed  as  a  field  aasistaut  furtbeseueou.  The  opirrations  wore  com meuceil 
at  the  ruin  known  as  Homolobi,ou  Little  Colorini"  Kiver,  aliont  3  miles  from  Winslow, 
Ariz.  As  indicated  by  tradition,  this  village  was  the  ancii^ut  homeof  a  Moki  Indian 
clau.  For  a  time  the  rcKults  of  the  work  were  not  encouraging,  but  towanl  the 
middle  of  June  a  productive  part  of  the  ruiu  wna  reached,  and  within  a  few  days 
100  fine  siieciuiens  were  obtained,  including  250  beantitiil  bowls,  dippers,  vases,  jars, 
and  other  specimens  of  aboriginal  fictile  ware,  similar  to  that  obtained  from  Sikyatki 
during  the  preceding  seasoD.  Examination  showi-d  that  the  ware  is  typically  Tusa^ 
yan,  yet  in  its  form  and  decoration  is  archaic  and  without  inDuence  of  civilized 
culture,  thus  demonstrating  prehistoric  character.  The  work  at  this  point  continued 
successful  until  the  ruin  waa  exiiausted.  The  party  then  repaired  to  another  site, 
known  as  Chevlon  Pass,  on  Little  Colorado  River,  also  discovered  by  Dr.  Fewkes.  There 
the  excavations  were  successful  aluiost  fVom  the  lirst,  so  that  by  the  end  of  June 
the  field  catalogue  of  specimenH  hod  passed  the  number  of  1,000.  Several  unique 
and  especially  Higuiticaut  objects  were  brought  to  light  at  this  ruin.  Some  of  tfae 
pottery  found  here  is  remarkably  fine  in  texture,  form,  and  decuratiou.  Nomeroo* 
baskets  were  also  recovered,  as  well  an  cotton  cloth,  sandals,  paboa  (or  ceremonial 
wands),  and  marine  shells.  Although  Dr.  Fewkes'  collections  during  the  summer 
of  1895  were  unprecedented  in  wealth  and  scientific  valne,  for  the  United  Stat*«, 
bis  collectiona  dnriug  the  first  half  of  the  seosou  of  189G  were  even  richer  and  more 
significant  in  their  bearing  on  ethnic  problems. 

Early  in  December,  Mr.  Frank  Hnluilton  Cusliing  proceeded  to  Florida  to  resume 
the  researches  relating  to  the  Seminole  Indians  anil  tu  the  archeology  of  that  region, 
which  were  commenced  several  mouths  before  and  temporarily  discontinued  by  reason 
of  the  inadequacy  of  the  fiinils  at  disposal  for  field  work.  It  was  found  imprac- 
ticable to  make  the  requisite  allotment  for  nei'esxury  field  exponsee,  and  a  tender 
was  accepted  from  the  Arcbenlogical  Association  of  Philadelphia,  representing  (be 
Maseiim  of  the  University  of  PennHylvaniiv,  for  cooperation.  Under  the  terms  of 
the  cooperation  the  Archcological  Association  assumed  the  coat  of  field  work,  inclnd- 
iag  the  subsistence  of  the  party,  the  salaries  of  owiiHtAnts  to  Mr.  Cuahiug,  and  inci- 
dental expenses  connected  with  the  operations,  while  the  material  proceeds,  in  the 
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form  of  eoIlectionH,  bscune  the  joint  property  of  the  Bnresa  and  the  asdooiktioa, 
to  be  divided  after  exuninatioD  sod  use  in  the  preparation  of  reports,  and  the 
BcisDlifio  reaulta  remain  ttia  property  of  the  Bureau  for  publication.  Under  thi« 
•mmgement  Mr.  Cnahing  or);anizr4l  a  party,  inclnding  Mr.  Wells  M.  Sawyer,  of  the 
United  States  Geological  Snrvey  (furlougbed  for  the  purgKise},  as  photographer  and 
arU'il;  Mr.  Carl  F.  W.  Berguiann,  formerly  of  tlie  United  States  National  UoMain, 
3»  SD  expert  aaaiatant  in  collertinj; ;  Mr.  Irving  Sayford  an  clerk ;  and  a  nnmber  uf 
worbuieD,  who  were  engaged  in  excavation.  Several  localities  were  reooniiiiitered 
andeiplait«d  with  moderate  Baccess.  During  Kebmary  the  work  was  piisheil  into 
the  region  of  coral  inlands  in  the  neiiihborbood  of  Punta  Raaaa,  where  tracee  of 
extensive  aboriginal  handiwork  were  fonnd  on  the  islands,  and  Bxpecially  in  ancient 
Stella  atid  lagoons  lined  with  bogs  and  saline  marl.  Here  the  works  wore  of  such 
character  as  to  indirato  an  extensive  and  well-orgauized  primitive  population,  sub- 
uatiDg  on  Hea  foo<l,  and  cruising  not  only  the  logooiia  and  bays  but  also  the  open 
gnlf.  Their  island  domiciles  were  protected  by  dikes  built  of  larj^e  aea  shells,  ovi- 
denll;  collei-ted  for  the  pnrpoite ;  their  habitations,  at  least  in  part,  were  pile  strnc- 
tnre«,  ruina  of  which  otill  remiiiti.  In  some  coses  these  strnctnica  were  occupied  ho 
long  that  the  kitchen  rcrnse  accumulated  to  form  men  nils  (initiating  in  time  the  ens- 
lorn  of  erecting  iiionnda  aa  sites  for  domiciles),  and  within  the  refuse  heapH,  or 
mldilea-iiiuunde,  extensive  truces  of  handiwork  of  the  people  were  found. 

The  most  extensive  oolleotions  were,  however,  made  from  the  bo^s  adjacent  to  the 
hibitstioos  or  beneath  habitations  occupied  too  briefly  tu  permit  extensive  aocumu- 
latious  of  middens.  In  these  bogs  were  iireseived  numerous  artifaota,  comprising 
dieltwork  in  large  variety ;  wooden  ware,  inclu<ling  utensils,  tooln,  weapons,  masks 
and  other  ■■creiuonial  olijectH,  often  elaborately  carved  and  painted;  textile  fabrics 
ud  basketry  in  abnndance,  though  usually  in  8n<;h  a  state  of  decay  as  haiilly  to  be 
preservable;  iinplement«  and  other  objects  partly  or  wholly  of  teeth  and  bone  of 
akarka,  lanil  aniinalB,  etc. ;  and  a  few  stone  implements  of  the  usual  aboriginal 
churacter.  The  painting  and  carving  aroeapocially  noteworthy,  nut  only  as  indicat- 
ing nKHlerately  ailvaneed  Hymbolic  :irt  of  tbo  native  type,  but  as  suggesting  coni- 
niuuily  of  culture  between  tlie  maritime  people  of  Floriila  and  jirehistoric  peoples 
of  tLe  western  and  southern  shores  of  the  Gulf  of  Mexico,  The  handiwork  shows 
uo  trace  of  accnitucal  influence,  ami  must  therefore  bo  regarded  a"  pre-Culumhian, 
thnugb  the  mode  of  life  iuilii'ated  by  the  relics  ia  similar  to  that  ul»wrvcd  on  the 
Floriiliau  jientnaiila  by  the  earliest  white  oxplorers.  The  wooden  ware,  textiles,  etc., 
pre»«rv«l  in  the  s;ilt-water  l»>ga  commouly  retained  their  aboriginal  ap|>earance 
nntil  expoMKl  to  thi^  air,  when  they  rapidly  disiotegrattnl  anil  fell  to  pieces,  or  else 
■knink  or  warped  so  greatly  as  to  give  little  indication  of  the  original  form.  A 
eoDniilerablo  part  of  the  energies  of  the  ]iarty  were  expended  iu  eHbrts  to  preserve 
these  periithable  articles  hy  various  devices  and  the  use  of  such  materials  as  could 
b«  obtained  at  poiuta  remote  from  civiii/jjd  stores,  while  Mr.  Sawyer  was  conntantty 
eioplayed  iu  photographing  or  in  drawing  and  painting  in  the  original  colors  all  the 
mote  |ierishable  objects;  in  this  way  tht-  evidence  concerning  the  prehistoric  peoi>lu 
rocoriled  in  the  l>ctter-preservcd  portions  of  the  collection  was  greatly  amptilieil  an<l 
extended. 

In  April  the  Director  visiteil  Mr.  Ciishing  and  remained  with  the  party,  i>ersonaIly 
iuipei-ting  and  directing  the  work,  fur  Heveral  ilays.  The  o|>eratiouB  in  Florida  were 
brooKlit  to  a  close  in  May,  when  the  collections  wero  carefully  loaded  iu  a  car  an<l 
traruported  direct  to  Philiutelphia,  wliere  the  space  and  fticilities  for  unpacking  were 
ample.  Mr.  Cushing  returneil  to  Washington,  and  i)u  the  arrival  of  the  car  proceeded 
to  Philadelphia,  where  he  unpacked  that  portion  of  the  collection  rei|n[red  for  imme- 
diate study. 

Mr.  Coshing's  Florida  work  threw  new  light  on  the  shell  munnds  and  other  aborig- 
iDsL  works  on  the  American  coB«t«,  and  it  was  accordingly  thought  deairable  to 
review  the  earlier  and  more  siiperlicial  examination  of  these  works  at  different  points 
•lung  the  coast.     Carrying  out  this  plan,  the  Director  proceeded  aboat  th«  middle 


— *«.  Jr.   r   T     !->w~    mriinf  •aurf  fuafc   anied 


CT  vai  rapi->Ted  ia  the  taM  id 
-v-«  i-.jf.i  -;j-    11,'. »»  i=.i  ■  .;c-i.-. ■;*  I::ii:.i3.+ sf  nfcLtbonil  a>4  IndiWI  TVt- 

t.'j*  (T.'"',''  .ft  "'-  'i  '■'•-  v-r.t»  are  ».Tai_rn:  :l  a  <n^aiB  ^FdoiteacdvrexpnH- 
.*,  •(<,*;  '.f]'i(„/i{...T.  iM  o.nT^fiif  <>;:iei  *rxb<^t  Bfanrngs;  hia  atqdJM 
.»'!  a,"/ 1/,  tj.it  t'ttr.-ttri.,  il  it.>i(i«  XUcL-rd  to  iL*  I«BU,  and  to  the  drkvioet 
«ii,t.i,2<i    -J  iiK.'h   Inrfa   ^i.itUit  ii-d  %t^ta  *n  deraratcd.      Hehxi  foaod  that 

It.'  V,  .l.i/ifat.',t,n  af*  •ym  !"■!>.  »r.'l  o>;;««  tivelv  repnarst  s  faigblj-  elsbonto 
>i  '/f  ),riit\'\f. .  niA  u-.iftl  -if  hi*  till:'  in  ibe  fir'.il  wax  dcToted  to  Irat'itig  tbenm- 
'.(.»  «m1  ii.t»T|'r'-iiii2  tin:  'Idait- of  tbe  heraldic  ST«t«B.  Special  kUeotioD, 
■iw  )(i-<r>  i«  tli<'  •"il'-iid.iri,  or  "  winter  coon  ts."  of  which  mv«i»1  werefonnd 
K  IJi'«  Iri'liiiii*.  'I  ln-H«  <ali-iiilari,  »liirh  IvpPeeeul  the  bepimiug  of  wntiog. 
"it  I mtiiiiiii-A  (•''-iifln  'if  •-iiiTent  vTeDta.  reprcaeoled  picto^^phicatly  \iy  rude 
iijl^*  HiiA  iMii'tiri;;*  ori  HkiiiH  or  faliritw;  atid  from  them  the  important  erenti 
'  liiiiiri  V  "f  Ml"  IrtlH^  fur  iiiaiiy  vfurs  can  be  determined  with  AccarAcjr. 
}\\ii-i  ]}<!••  of  r''iu:nr<li  tphittnl  to  tin-  iise  of  "mescal ''  liy  Bever«l  of  theBoatfaern 
r  Ifll"  ■  Jii  llx'lr  iTrrtiirmniali  oh  a  parutriptic  and  mild  imtoiitraDti  this  article, 
<rl  hy  llii'  ttiilhiiia,  I*  llie  iipjier  jiiirlof  the  cactus  known  botanically  as  JiiJiaf*- 
liwliill,  nr  Ijiphiiiiliiira  williiimtii  Iricitiii,  which   grows  in  the  arid  region  of 

noil  •'imli'tN  M"xi<'ii,  'II10  topR  <if  the  plantH  are  collected  and  dried,  wbco 
•It  III  Itiiil'iji  llkKiiiiiaxmHn  inrh  or  more  in  diomittcr  and  perhaps  one-eighth  of 
'li  lit  llili'hiirui  lli'->ii  lililtoiiH  uri<  o»t«n  liy  the  Inilians  in  certain  protracted 
>  liiiii  nil  till  I'i'ii'iiioiiiiiU,  Tlii-ir  iifloct  is  to  HliiiiulaUt  and  invigorate  the  sjstem 
1 1  DM  I'll ''til  iin  Iji  piTtiiil.  ni'.Iivo  participation  iutba  dance  and  drama  for  niaoj 
'III  l> ''  lioii'H  wllliiiiil  riillKiio,  while  ut  the  same  time  mentul  effects  somewhat 
II  Hiiinii  III'  liriiilil>U  iiro  priidnnod,  whereby  the  condition  of  trance  or  hkllncina- 
mrlili'li  pI'i.VH  ■!!  itii]iiirliiiit  a  part  in  all  primitive  ceremonials,  1b  made  more 
ii'lii  lli»ii  >■  I'lintiitiinry  ot  oven  poanlMu  under  normal  circumstanora.  In  addl- 
lliu  aliiily  iif  otliHita  produced  on  the  Indiunt  theuiMlves  b;  the  oae  of  tbs 
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poiaoo,  Mr.  Moooey  cullected  a  considerable  (|uaiitity  uf  tUe  mnterial  for  scjentilio 
examiDstton.  liy  courtesy  of  the  Uepurtmeot  of  Agriciilliire,  tbe  buttons  wvre  ana- 
Ijied  b;  l>r.  Harvey  W.  Wiley  anil  Mr.  E.  £.  Kwell,  of  that  Department,  and  were 
found  to  yield  tlireealkaloiila,  designated,  reapectively.ai  atiliatunino,  uiescutlue,  aud 
alkaloid  3,  bvsidea  certain  reatuoua  substancea,  all  poaoeesing  peculiar  pbyaiological 
propertiei.  The  physiologic  action  of  tbe  mescal  biitlons  adiiiiniBtered  entire,  and 
also  of  the  three  alkaloids,  boa  been  tested  by  U.  W.  Preutiss,  M.  !>.,  aud  F.  I'.  Mor- 
gan, M.  I).,  and  the  results  have  been  found  of  great  iuteresl,  leading  thu  experi- 
Dientaliats  to  consider  the  extracts  as  important  therapeutic  agents  aud  valuable 
aildilioDH  to  the  pharuiocopiL'ia.  On  his  retnm  froui  the  field  Mr.  Mooniiy  be^iin  tbfi 
preparation  of  a  memoir  on  the  Kiowa  calendars,  which  was  nearly  completed  at  the 
end  of  the  fiacal  year,  ami  baa  been  assigned  for  piibliciition  in  tbe  seventeenth 
spDoal  report. 

Ar  during  past  yeora,  inucb  atlentiuu  baa  boeji  given  tu  pbotograpbin^;  luiUuns 
and  Indian  subjects,  and  a  small  photographic  lalioratury  bus  been  iiiaintaiueil, 
throHgh  tbe  aid  <>f  Mr.  William  Diniriddie.  During  tbe  winter  oil  vanta^u  was  taken 
of  the  presence  uf  representative  Indians  in  the  national  capital,  anil  a,  numlier  vf 
portRiit  pbotographH  were  obtaiueil,  together  with  considerable  gouealogie  itifornia- 
tioii  cuncemiug  varioiiH  chiefs  aud  leading  men  auung  several  tribea. 


Except  while  orcapicil  in  administrative  work,  Mr.  W  J  McGee,  ethni^ogist  in 
ebarge  of  tbe  Kni^an,  has  been  currying  forward  researches  relating  to  the  sooinl 
organiEalion  of  the  Indian  tribes.  His  work  is  ba(<cil  on  the  voluminons  records  in 
the  arcbivM  of  the  Bureau  and  on  obaervittions  especially  among  tbe  I'apiigo  and 
i^ri  Indians.  It  baa  lieen  the  aim  to  render  this  work  fundamental,  and  to  this 
end  the  primary  cbaracteriatlira  of  maukiiitl  as  distlDguisbcd  froui  tower  orgiinisms 
have  been  considereil  with  enpecial  care,  and  the  atndies  of  tbe  Seri  Indians  have 
been  particularly  fruitful.  Among  the  results  of  the  researches  there  miiy  be  nien- 
tiuneil  (I)  an  analysis  of  tbe  beginning  of  agricnlture,  (2)  the  recognition  tif  tbe 
beginning  of  zoocuttnre,  (3)  a  study  of  tbe  growth  of  altruistic  motive,  and  (i)  an 
examination  of  early  atagi's  in  tbe  development  of  marriage.  These  results  aro 
incorporated  partly  in.  ii  preliminary  memoir  on  the  "Siotiau  Indians"  printml  in 
tbe  lifleentl]  annual  report,  partly  in  several  adniiniHtrativo  rrportH,  ami  partly  in 
sn  addrens  published  in  Ibe  Smithsouisu  annual  report  for  1895. 

It  may  be  noted  summarily  that  the  researcbee  roncerniug  the  beginning  of  agri- 
culture indicate  that  this  important  art  originated  independently  in  ditl'erent  desert 
regions,  and  was  at  Rrst  merely  an  expression  of  a  solidarity  into  which  men  and 
lower  organisms  wero  forced  by  reason  of  the  environmental  condition.'*  cbarocter- 
islie  of  tbe  deaert.  Later  tbe  art  was  raised  to  a  higher  plane  through  tbe  gradual 
developnieut  of  irrigation,  and  still  later  it  was  extendi'd  into  areas  in  which  Irri- 
gation was  not  reipiinid.  Tbe  researches  concerning  zoocnltnre  servo  to  ditHno  a 
stage  antecedent  to  domestication,  as  that  term  is  commonly  cmjiloy^d,  in  which  the 
relations  between  men  and  animals  are  collective  rather  than  individual,  and  in 
which  tbe  men  and  animals  become  miitnally  tolerant  and  mutually  buneticial,  as 
when  the  coyote  serves  as  a  si'avenger  and  gives  wamiu^,  in  his  own  cowardly 
ntreat,  of  tbe  approach  df  enemies.  Later,  such  of  the  tolerateil  auimah  as  aro 
Uiereby  made  more  beneficial  are  gradually  brought  into  domestication,  aa  wna  the 
coyole-dog  among  many  Indian  tribes,  the  turkey  among  some,  anil  the  reindeer 
10100 g  certain  F^kimo.  The  reseorobes  concerniugtbu  development  of  bninnn  motive 
ace  iuvolveil  in  the  study  of  primitive  law,  and  indicate  that  rognlalioiis  concerning 
coadnct  are  ft'amed  by  tbe  elders  in  the  iutoreat  of  harmony  anil  culleclivo  beneQt, 
and  that  these  regnlations  are  enforced  until  tbcir  observance  becomes  habitual, 
when  the  habit  in  turn  grows  into  motive.  In  some  other  directions,  also,  substan- 
tial progress  boa  been  made  in  the  study  of  the  organizations  and  institutions  of  the 
AmeriMU  IndiAUS. 
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UNQUISTtCS. 


Dining  >  C€>nBider»l)l6  part  of  the  year  tho  Director  has  been  Dccnpied  in  r6- 
aearches  i:oQ<^uraing  Huverul  rharx-teristica  of  the  Amptican  IniliaiiB,  with  the  view 
of  developing  ft  nytiteiii  of  clasBilioatioii  so  comjileto  us  to  indicate  uot  only  the  affio- 
itlea  of  tribea  and  stocks  itiuong  ouch  other  hut  the  general  ftfHnitJos  uf  the  nittive 
American  people  ami  their  position  unions  the  races  of  men  as  well  as  amoiij;  other 
living  organisuia.  In  the  cuune  of  this  woric  much  thought  has  been  given  to  the 
Buliject  of  Indian  language,  and  t^e  rich  collcctioiie  of  liugiiiHtti.'  material  in  the 
ari:hiN'es  of  the  Bureau  have  heeii  arauned  anew.  It  wns  the  imniedinte  por|>OHe  of 
this  study  to  trace  tlie  development  of  various  languages  in  such  manner  as  to  i^ui'« 
the  laws  of  lingiiistie  evolution.  Satiifaetory  progress  wos  niaile,  and  a  confiidera- 
I>le  Irody  of  manusoript  was  prepareil,  while  a  prelintinary  publication  was  presented 
(luring  the  year  in  the  form  of  an  oildresB  delivered  in  the  I7nit«d  States  Nutionat 
MuHeum  May  23,  18%,  entitled  "The  Kelation  Between  InstitutionB  and  Knviron- 
meiit,"  and  printed  in  ttie  Smithsonian  Report  for  189r>.  The  records  intUiate  that 
the  fonr  or  five  dozen  distinct  linguistic  stoclia  in  thia  country  have  been  ren- 
di-red  mora  or  lees  compoeite  liy  the  blending  ofpoopIcH;  the  Teaparchea  seem  t» 
show  that  a  still  larger  number  of  ilistinot  languages  were  originally  developi-d 
indeiiuudeutly,  iu  smull,  discrete  groups,  which  gradually  combined  iuto  larger 
irllicH  and  confederacies,  and  sometimes  grew  so  large  as  again  to  subdivide  and 
spread  i)ver  vast  areas;  and  iu  various  other  directions  tUe««  reHeorcbeii  have  been 
fonnd  to  threw  light  ou  the  churactoriaticB  and  relations  of  the  Indians. 

Dr.  Albert  S.  Gatachet  has  been  rontiuuously  employed  in  the  collectiou  and  study 
of  linguistic  material  pertaiuing  to  the  A1gon<jnian  stock.  During  July  he  utilize 
theaervicesof  Mr.  William  Jones,  a  mixed-blood  Sauk  of  exceptional  intelligence,  a 
pupil  lit  Philips  Acadeuiy,  Andover.  Although  ho  haa  been  absent  fVom  his  trilie 
for  sometime,  he  wns  able  to  convey  to  Dr.  Gatschet  a  large  amount  of  new  material. 
Aljout  the  middle  of  October  Dr.  Gatschet  visited  the  survivors  of  the  Miami  Indiana 
at  Pern,  Ind.,  and  afterward  proceeded  to  Miami  town  on  Daage  River,  Indian  Ter- 
ritory, nowthecenterof  the  Peoria  eunrederaey.  At  both  jdaceii  he  wns  able  to  obtain 
extensive  collections  relating  to  the  language  and  mythology  of  the  people.  During 
the  remainder  uf  the  fiscal  year  he  was  occnpied  iu  airangiug  the  new  matorial  and 
in  comparing  it  with  other  Algon(|uiau  records,  and  made  considerable  progress  in 
the  preparation  of  a  comparative  Algonquian  vocabulary. 

Mr.  J.  N.  U.  Hewitt  waa  ompluyed  in  the  early  part  of  the  year  iu  applying  the 
laws  of  linguistic  development  to  the  Irotinoian  stock,  and  thereby  tracing  the  affin- 
ities and  prehistoric  growth  of  this  extensive  and  importout  group  of  American 
Indians.  Through  this  study  he  waa  able  to  ascertain  the  order  in  which  different 
members  of  the  group  ilifTeroutiatod,  nnd  either  separated  froui  the  main  l>ody  or 
developed  distinct  organization.  Representing  the  Irocjuoian  body  na  the  trunk  of 
a  geuealogic  tree,  it  ap)>eurs  that  the  lowest  branch  is  represented  by  the  Cherokee 
and  the  second  au<l  third  by  the  Huron  and  Sencca-Ouondaga,  the  several  trllioi 
representod  by  the  uppermost  branches  being  but  slightly  differentia  ted.  Thus  the 
linguiatic  history  of  the  Iroijuoian  stock  is  one  of  differeutiation  and  division, 
probably  combined  with  aaainiilatiou  from  other  etoeke.  It  may  bo  observed  that 
this  history  is  parallel  to  that  wrought  out  for  the  Siouan  stock  by  Dorsey  anil  that 
which  Gatschet  ia  now  tracing  iu  tbe  Algoui|iiiau  stock ;  hut  this  apparently  aber- 
rant course  of  linguistic  evolution  iu  certain  instances  is  iu  no  way  incousiatont 
with  the  general  course  of  the  development  of  language,  which  tends  toward  unity 
through  tlie  combination  and  nssimllatlou  of  the  various  tongues.  Subsequently 
Mr,  Hewitt  waa  occupied  in  analyzing  and  scbeduliag  tbe  vocabulary  of  the  Tubari 
language,  collected  iu  northern  Mexico  by  Dr.  Carl  LumhoUz,  and  in  preparing  the 
matter  for  publication.  The  rloaing  moutba  of  the  year  were  sjient  in  cataloguing 
mauuscriptt  aud  other  material  stered  iu  tbe  fireprool  vaulte  of  the  Bureau. 
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Mm.  HatildA  Coxe  Steveiuou  coDtinaed  the  Btady  and  elaboration  of  bar  records 
cooeeiniDK  the  mfthology  and  ceremonials  of  the  Znni  IndiaiiH,  and  practically  com- 
pleted ber  monogmph  on  this  Balijeol.  The  Pni-blo  Indians,  and  especially  t1ie  ZuHl, 
■re  characterized  by  an  extruordioftry  subserviency  to  belief  aod  rittiul,  liefore  her 
caanection  with  the  Bureau  Mrs.  Stoveniou  bccamu  intimately  aciiuaioted  with  the 
tadians  of  several  puebloH  and  with  their  peculiar  Mucial  cnstoms,  and  has  conse- 
qofntly  had  unprecedented  opportunity  for  the  study  of  observancea  and  esoteric  cere- 
tnouials,  and  it  baa  been  ber  aim  to  reconltbe  details  of  her  ubaorvatioiis  with  pencil 
snd  earners  so  fully  as  to  perpetuate  these  mysteries  for  tbe  use  of  future  students.  In 
nearly  every  respect  she  re^tanls  her  recorils  concerning  tbe  Znni  as  cnniplete.  At 
the  end  of  the  fiscal  year  her  monograph  was  finisheil  with  the  exception  of  a  Ningle 
fhapter,  the  in»terial  for  irhicb  was  incomplete.  It  was  plauiioil  to  have  this  mftte> 
rial  collected  during  July  and  August,  1896. 

l>arlng  the  greater  part  of  the  year  Mr.  Cushini;'s  work  in  mythology  was  aua- 
peoded,  an  he  was  engHged  in  general  archeotogic  work.  Unrinj;  tbe  early  part  of 
the  year,  however,  be  xprnt  several  weeks  in  combining  the  recorils  of  Dn^beiitogy, 
mythology,  and  modern  custom  bearing  outhcevulutioii  and  multifarious  iisesof  tbe 
UTow,  and  incidentally  ou  tbe  invention  of  the  bow.  His  resi'nrches  illustrate  well 
Dot  only  tbe  great  importani-e  of  the  arrow  as  a  factor  in  human  development,  but 
also  the  way  in  which  primitive  peoples  think,  act,  and  evolve.  The  final  rej)ort  ou 
this  SDbject  is  nut  yet  complete,  but  a  preliminary  statement  of  resalts  was  made 
poblic  in  the  form  of  a  vic<;-prcsiilential  adilress  before  the  ATiiericun  Association  for 
the  Advancement  of  Science  at  tbe  Springfield  meeting,  tSie. 
WJYCiioLooy. 

It  hi«  itnt  been  found  eipediont  in  tbe  Bureau  to  eKtetiil  tbo  researcbea  to  the 
iwmatology  of  the  Indians,  and  all  the  material  pertaining  to  thia  subject  has  been 
turned  over  to  another  braoib  of  the  Ff^leral  service ;  but  it  bas  been  found  impos- 
bible  to  trace  the  dt^velopnient  of  the  arts  ami  institutions,  beliefs  unit  languages  of 
the  aborigines  without  carefiil  study  of  primitive  moilns  of  thought,  and  much 
■ttentiuD  has  been  given  liy  tbe  Director  and  some  of  the  collaborators  to  the  sub- 
ject of  psychology,  OS  exemplified  among  tbe  Indians.  The  researches  tn  this  direc- 
tion have  beiiu  carried  focwaril  during  the  year  in  conni'ctiou  with  tbe  work  in 
cUsKiliration  of  the  Indians,  and  considerable  material  bus  been  accumulated  for 
publication  In  future  reports. 

BlttUOGRAPIir. 

Hie  bibliographic  work,  which  has  been  continued  for  several  years,  practically 
closed  with  the  last  liscat  year,  and  finally  terminated,  so  far  as  tbe  original  plan  is 
eoDcemed,  with  the  death  of  James  Constautiue  filling  on  July  26.  The  hibliogra- 
phy  of  the  Mexican  looguages  was  left  in  A  nearly  Rnlshol  condition ;  but  it  ha»  not 
yet  been  found  practicable  to  complete  this  work  and  prepare  it  for  the  press. 

PITBUCATION. 

Sstisfactory  progreaa  has  been  made  during  tbe  lliiciil  year  in  tbe  editorial  work 
of  the  Bureau,  which  has  lieen  coodurted  chiefiy  by  Mr.  F,  \V.  llo<lgi-. 

The  mooUHoript  of  the  fourteenth  annual  report  was  sent  to  prcNS  toward  tbe  close 
of  the  last  fiscal  year,  the  first  proofs  were  received  on  January  2.'i,  18%,  and  by  the 
close  of  the  fiscal  year  tbe  body  of  the  volume  w^  ni'arly  all  in  type.  Thi"  report, 
which  is  to  be  published  in  two  volumes,  making  about  1,L'00  piigi's,  comprises,  in 
addition  to  the  report  on  the  operations  of  tbe  IJureuu  auil  an  exhaustive  index,  three 
nieinoirs— "The  Heuumini  Indians,"  by  Walter  J.  Ilolfman,  and  "  Coronodo's  Kxpe- 
ditionia  154(>-1542,"  by  Cjeorge  Parker  Wiusbip,  occupying  the  first  pan;  the  second 
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p^  "-- ""--g-  jiwCT  «a  tjjt  "iiiM  rnwiii  BaligMM,''bj  JaoMS  Hooney.  Thia 
ft  fact-  like  tilt  ^rrcfL  x^  <i.-:iajc>  i<  i^  •cnM.  wiO  be  amply  iUDatTftt«d,  and  it  ii 
espBctn:  ■[■-■■^  .:  v._:  >«  nai^T  i  c  LoKr-.^ti-e  Idare  tbs  close  of  (ha  cAlendar  ynr. 

Alltioc^  u<e  noiiikcr-.;^  -f  a*  i;Visl^  a*Bcal  lepon  was  bansmitted  to  tlie 
PnbLc  Pri^Sf-r  -^  Jot  :i.  Ir<.  iri  teii  pevvf  va*  neeircd  donng  Um  fiscal  yeBT) 
tke  pTo«±r  •f  li-c  ■—  -^tTt'jnc*  1at«.  ^w«T«r.  Ik^  necJTed  and  approved.  The  ae- 
I  iiiji  iiij  ■  j,  pup^rf  »f  %iit  ±:'%«si^  iFp«f1  n^priaa  '~S(ons  Implemenla  of  the 
PoUimK-4.'h»ap«Au  Tvit^mt  tT^ri^tr.'  br  W.  H.  Uobnes;  "The  Sioaan  In- 
diaii».~  bv  n'  J  Mf't*,  »  pki^rc>.'ep>x«£:atT  vitli  aad  introdnetoiy  to  a  poatbn- 
BtfaaBeso:.'  oa  --?;-.:ja  ^^•;-■;l;^^."  St  J*9m  Owco  Danej;  "Tnaajan  Katcinas,'' 
bv  J.  Waiior  yewkrA.*^i  -rir-  l>;.4iT  »( Can  Gnnde  Snio,  Arizona,  iu  1S9I,"  by 
Comod  liiDil'I-rf .  The-  tvI  -.b»  tociaiat  apvard  of  a  hondred  plates,  in  addition  to 
BDtii«Toas  fi^^rrro  ia  t!tr-  uxt.  all  of  a  ^xk  L^ve  been  CDgiavcd. 

Tbe  iaaiiD>(rr:pi  of  tfaa  (ii.ir«^:!i  -■■'■■■«'  nporl  waa  arnt  to  the  Goveminent  Print- 
■Dg  Ui1i«e  no  ^;-^ruihtt  ^,  lif^  T^  ilisMraliuaa  have  all  bc«n  engraved,  bat  do 
proof  of  lb*  ten  hai!  been  r*.  civni  at  the  tiose  of  tll«  fiscal  year.  TLb  aci^ompanying 
paper*  oflbisrpnort  ate"  PnBitiveTrFph:iiiog."  by  UannelADtouioMuriiz  andW  J 
Uctiec;  "<.'liA  Ii'.icliJDp  of  Canyon  de  Chelly,  Ariiona,''  by  Cosmoe  Miudelefl',  and 
"The  Maya  l>ay  STmbol,~  b;'  C'jraa  Tlioma^. 

The  only  volume  piiblisbed  by  tl>e  Borean  daring  tbe  fiscal  year  was  the  thirteenth 
annual  report.  «hirh  waa  delivered  by  the  Pnblic  Printer  in  May,  and  at  once  trana- 
mitted  to  the  numerous  carre^'poDden  ts  of  tbe  Bnrcan  thronghoat  the  world.  Thia 
volnmi',  for  which  tbe  demand  from  stndenta  has  been  nnuaually  large,  contain!,  in 
addition  to  the  Director's  report  of  5!l  page*,  the  following  memoirs:  <I)  Prehistorir 
textile  art  of  rasUm  Initeil  Mates,  by  WiUiam  II.  Ilolmea,  pages  3-46,  PU.  I-IX, 
figa.  1-2J?.  (2)  Stone  art.  by  Gcrar.1  Fowkc.  pages  i'-ll^  6g*.  39-278.  (3)  Aborigi- 
nal remains  iu  ^'e^de  \"alli'y,  Aciiona,  by  Coenioe  Uindeleff,  pages  179-261,  Pis.  X-L, 
Bgn.  279-306.  (4)  Omaha  dwelliD<^  fumitare,  and  implements,  Tiy  Jamee  Owen 
Doreey,  pages  263-2K',  Gga.  306-327.  \.5)  C.iea  Grande  rnin,  by  Cosmos  Mindeiefi', 
pages  289-319,  I'U.  LI-LX.  figs.  32>S~330.  (6)  Outlines  of  Zulii  creation  uythx,  by 
Kruuk  Hamilton  C'liKhiug.  p:igos  X>l-U7. 

Host  of  the  material  for  tbe  seventeenth  antiiial  report  has  been  prepared  for  the 
printer,  thongh  the  manuscript  has  not  yet  been  transmitted.  The  accompaoy- 
iug  papern  iwuiprisa  a  memoir  on  "TheSeri  Indiana,"  by  W  J  McGeo;  the  report  by 
Ur.  Fewkvs  on  decorative  pottery  and  other  material  from  Arizona;  Mr.  Moouey'i 
memoir  on  "  Klowtt  Calendars;"  a  special  paper  on  "  Xavaho  Houses,"  con  tribnted  by 
Cosmos  Minileleir,  and  the  memoir  on  "Indian  L.aod  Cessions,"  prepared  by  C.  C. 
Koyce  and  revised  by  Dr.  Tlioiuas.  The  papers  are  fully  illustrated  by  maps,  photo- 
griiphs,  and  sketchim.  Like  the  fourteenth  report,  it  will  doubtless  be  bound  in  two 
volunien. 

HISCEIXAKKOUS   WORK. 

Uhrary. — It  is  the  plan  of  the  Itureaii  to  maintain  a  small  working  library  for  the 
niui  of  tbe  collabonttors,  and  it  has  grown  slowly  tbroiigh  accessions,  acquired 
ohiofly  by  oxcbange  for  reports,  the  growth  barely  keeping  pace  with  the  publicft- 
tloii  of  antlirojiologic  worUt.  At  tbu  end  of  the  tiscal  year  the  library  numbereit 
ri,r>()l  vtiliiines,  having  incroaceil  by  472  volumes  during  the  preceding  twelve  montlut. 
In  adtlltion,  tliero  was  a  proportionate  accession  of  pamphlets  and  periodicals. 

IUHHtraliov'.—'\'\ia  pTo|>ariition  of  illustrations  for  the  re]>orts  lias  been  continued 
undar  tliedlrortlotiof  Mr.  DoLancey  W.  Gill.  Tbe  drawings  have  been  executed  by 
U  unmlHT  of  artlstH,  while  the  pboto);raphs  have  been  iriade  chiefly  by  Mr.  Diuwid- 
din.  In  ndilllion  to  the  photogruphic  work  re<|uired  for  tbe  immediate  Uluatrabon 
iif  reporU,  tlin  various  coUaboratom  ut  work  in  the  Held  are  supplied  with  cameraa, 
mill  make  ri>naldi>ra1de  numbers  of  pbotuK^apbH,  by  which  their  notes  are  snppls- 
tiipnti'd  Slid  purli'licd,  nudniany  of  tbt>se photographs  ut«  incorporatudiuaubseqaenl 
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nparta.  Ezteiuive  series  of  photograplia  were  made  dariug  the  ye»rbjr  Dr.  FewkM 
io  eonnection  with  Ilia  oollectiooa  of  pueblo  pottery;  b;  Mr.  J.  W.  Mitcbell,  pho- 
tographer for  Hi.  UcO««  in  tho  SeriUud  expedition,  uid  by  Hr.  Welle  U.  Sawyer, 
utiit  for  Mr.  Cusliliig  in  bis  Florida  work. 

EMiiU. — The  Burean  oooperated  witb  the  Natiooal  Mnsettm  Id  arraagiDg  tbe 
Smithsonian  lustitatioD  exhibit  in  tbe  Cotton  States  and  International  Exposition 
held  at  Atlanta  dnring  tbe  autumn  of  IR95.  An  alouve  iti  the  Guverument  building 
WM  allotted  to  the  liitreaii,  and  tbia  wae  fllled  by  tbe  iiuttallatiuD  of  six  wall  cases 
and  four  floor  cases,  togetbar  witb  a  nuiuber  of  bulky  objects  arrangud  on  top  of 
the  wall  e«sea.  Tfaut  exhibit  was  so  arTanged  as  to  illustrate  the  charaot«rl8ticB  and 
modes  of  life  of  three  iribeH,  viz:  Tbe  Cherokee  ludianH,  who  formerly  occupied  the 
country  in  what  is  now  northern  Qpor);ia,  uud  ivho^ie  dexceudants  Htill  live  iu 
•eetem  North  Carolina  only  150  miles  from  the  site  of  tbe  exposition;  Ilio  Papogo 
Indians,  a  little  known  tbongh  highly  interesting  tribe  of  peocefnl  Indians,  occu- 
pying eouthweetern  Arisoiiu  and  uurtbcm  Souora;  auil  tbe  Sen  ludiano,  a  fierce 
and  excluHire  tribe  of  the  Gulf  of  California,  part  of  whom  were  found  on  their 
borderland  and  in  tlie  conrne  of  an  expetlition  by  tbe  Ilureaii  during  18M.  In 
addition  to  the  objertH  exhibited,  there  were  In  two  irall  cases  illuutrationa  of  the 
physical  characteristicH  and  costiimary  of  tbe  I'apago  nud  Seri  Indians.  Tho  former 
were  repreaented  by  a  group  of  life-sixe  figures  engaged  in  tbe  maiinfuctnre  of 
potter; — their  typical  indostry.  In  tho  other  luee  n  life-Hiito  figure  of  a  SiTi  warrior 
was  introduced.  The  collections  were  suppleuientod  by  a  series  of  twelve  trans- 
parencie*,  made  from  photographs,  showing  the  Pnpagu  and  Seri  IndiaoH  iu  charac- 
teristic attire,  with  their  habitations  and  dumestic  sLirrcjimdiufri*.  In  the  installation 
of  this  exhibit,  primary  attention  was  giv«ii  to  fidelity  of  repreHeutatiim  rather 
than  to  artiatio  finish  or  grouping;  and  it  is  a  source  of  gratiHcation  to  observe 
that  the  exhibit  attracteil  much  attention  during  the  progreHH  of  the  exposition.  It 
WW  awarded  a  gruul  prize,  diploma,  and  golil  medal. 

NKCROLOOT, 

James  Constontine  Pilling,  who  died  Jnly  26,  1895,  was  a  native  of  the  nLttionol 
capital,  where  he  wnabomNovemherlB,  1846.  He  waseilncatedin  tbepublioechools 
and  Gonzaga  College,  and  subsequently  strengthened  his  prcilileotion  toward  books 
by  taking  a  position  in  a  leading  bookstore  of  the  city;  at  tbe  same  time  he  studied 
the  then  novel  art  of  stenography,  iu  which  ho  Ueeume  reiiiiirkably  proficient.  At 
the  age  of  twenty  ho  became  a  court  stenographer.  His  services  soon  came  into 
demand  among  the  CongresBional committees  and  in difierent  commissions  employe<l 
in  the  settloment  of  war  claims.  In  every  instance  bis  notable  speed  and  nccuriLcy 
were  joined  with  even  more  notable  discretion  and  straightforwordneSH  that  gained 
fin  him  the  esteem  of  all  with  whom  he  came  in  contact.  His  career  a8s(«nograpber 
was  in  every  respect  exemplary,  and  his  example  serveil  to  hasten  tbe  general  Intro- 
dnctian,  and  at  the  same  time  to  elevate  tho  slanilard,  of  atenogTapbic  urt  ns  an  aid  in 
tiie  tranaaotion  of  the  public  business. 

In  1875  Mr.  Pilling  was  employed  by  the  Director,  then  iu  charge  of  tbe  geolog. 
teal  and  topographical  surveys  of  the  Rocky  Mountain  region,  to  aid  iti  collecting 
native  vocabularies  and  traditions,  a  task  for  whicii  he  was  eminently  fitted  by 
Kama  nf  his  phonetic  and  manual  skill.  In  this  service  as  in  bis  earlier  work  he 
displayed  not  only  high  ability  but  signal  strength  of  character.  Ills  i-ouncction 
with  the  anrvey  was  continued  until  that  nrgani/ation  wns  brought  to  an  end  io 
1879  by  the  institation  of  the  United  States  Geological  Snrvcy  to  carry  forward  the 
geologic  work  and  the  Burean  of  American  Ethnology  tocoDtinuotbootbnulogio 
nsesTches ;  ha  waa  then  transferred  to  the  Itun-au  of  Ethnolo};y,  where  his  work  on 
the  Indian  loDgnagee  waa  continued.  Durint;  this  ])eriod  of  connection  witb  ethno- 
IpStOworkhiaatQdlons  habits  were  strengthened,  and  he  developed  groat  interest  in 
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d  Ui«  BQggeBtion  of  th 
•  Isc  t£  taab  lad  papen  contaiaiDg  Indiu 
■nc  ■'-r^Biy  irbkk  ckantcteriznd  his  g 
.  ■&£  I  I  n  III!  iimiin,  coofidcDoe  wms rt] 
~:u.  I.*  taoMieTs^liic'  and  bibliographic  vo^ 
.  ir  "^if  t*.  :ieul  V(«k  of  tbe  T«poTts  of  tlu 
iwTTTDtM.  Tl-mil  and  in  addition  coDBidtl- 
'  c: —  nr  jarStrmi  J  'with  alacrity,  fidelity, 
.•a   tr  ci-.tn^X^  liMvaij  and  bibliogrfptlt 


.uic^vta.-:  ■*  Mt  thai  hia  rspidly  groviiig 
1  V  :.i  i  ji  -«*£*  booUcaa  te  appeal.  It 
Lib"  ^i!  ii^Biaccefbr  Pilltiig'achantlcr 

3i:r-ia.  -wm  — I'r  Thrector  alno  of  tte 
'Z  ::^  vk-  aaqtic^tnl  chief  dark  of  tin  1 
f.-^K»  «*»   &-T-.-:nd  on  him.    ThcH  1 

-:<i: '--jmih' ; .  ^^  vithal  so  Cfiarteanil; 

:..i-!ii  t  ir  «'ir7  (xvlaborabiT  in  tb*t  I 
-   —---umiiin^'-^^otX.JSSS.    Dnring 

,-.,.-,  «.  -a,*!.' .m.1  :tf  arcapv  aU  Uw  ann- 
•;r?iiv:  ■  iui£  w  vc-ir'rvd  hit  datiei  that 
i.r-  :>*  >c  Hw4,*  --a  I=i!iaii  liDgaiRtia. 
»-i  Tiri^  "ifm.i-11  i  =.  into  cotTCepoad- 
•■  IE  nm  (>i~»i»a»  '  -iTil.iation,  tniT»l- 
!p  r^i  ivn.--  ?iunii  ii  xeeiaary  to  pnr- 
V  •  -.:u]uinil  .fci>i  i^ir  litlM  noted; 
1  ^! '.'n-    :inr- — *r«  ■.-:  ibe  riebeatwl- 

■L.^-.-~-  l.fT     n    '-.'B.-ABCT.        In    1!^  thtM 

;-,:-.  -.1,^-^  ■a-_->d  - I-r™if-«h«ti  rf 
.■11         -r-.  1.1      ■.■...iTv^'j  J^ar^CoaattD- 

V  ~»-i;  n-  >r  'A~  "■  "-i.r»  bi-liographic 
.    .  c   :.••      i».!i<  .b'lua.  -la.  !=.<■  part  of  the 

.^•..^*:'.  ^jeu'Dur-i,  til*  pristtBt: of  thii 
1'  '.  - '.^TTii'.K-r  n  J-tt'-iM .  a=J  within  a 
--.-_."*  -'i^uiui  ii  'anMB  IsdiaoitocU 

.  .1-  ■■.,--1  •■ui.ii;ipiiB'Mo:riiLl:=5  pirfni- 
.....^.  ._  T-.i...  iiir,  .ie~r><w  »i«rT  effort 
.      .»    .,     i.>   .■!  :m.   m   -ui^;  <>rt  of  tb* 

■■■^  ij    -.^  .1 _;  -  iiHt  T  «»  trajialirtrBd  to 

■  -.;:;    i_  ■-lie    uiii.ii^:rapii  ■■  vurk.     For 


iiiui^nipaiMi  »i 


«»f  th« 
idVTak- 

1    tlDifTH^    in    CIm    bibll- 

— "i  :iic^;inl  iiriag  the 
riumil"  'tciplHaa  tktoogh 
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ftnd  a  model  for  lindeDts.  InthorongbneM  and  koonraojr  of  work  they  afford  a  bright 
oxsmple  of  AnericoD  scholarship. 

Iiip«rM>ii>l  character  Mr.  Pilling  was  above  Teptonch.  No  man  ■was  more  BtoadObat 
to  his  moral  and  intelleotnal  conTictJODS,  which  wero  held  with  tbat  charity  for 
others  -which  ia  poaaible  oulj-  to  thoao  who  have  strung  and  irell-foundml  conrictiops 
of  tltoir  own.  The  example  and  iDflnence  of  his  character  will  long  remain  on  the 
inBtitationa  vrith  which  he  was  connected, 

KeapectfiiUy  anbmitted.  J.  W.  Powrll, 

Mr.  S.  P.  LANGUtY, 

Sei^gtarg  of  IJU  AiiilAMMiliia  /(ufiditjon. 
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Sir:  I  have  Ihi-  lioDOr  ti>  eabmit  the  follon'ing  report  upon  tbe  operationx  of  the 
Bnreaii  nf  Inteniatiunal  K\«1i»iiges  for  the  fiwal  year  eoding  June  30,  1896 : 

Tlie  itcttinl  Diimbcr  of  packages  received  rmni  all  snarces  for  iliatribiition  during 
the  year  oadiiig  Juno  30,  18%,  was  ix,3ili  less  than  during  tbo  preceding  jm, 
altliuugh  540DatnoB  were  mMmI  to  the  list  uf  foreign  correHpondenta  and  IbodoaiM- 
tio  list  Tu  inrrfaHod  by  966. 

During  tlie  year  »  large  number  of  Ciovenmient  departmeDtsi  pablicstions, 
being  ivitbiu  the  irvigbt  limited  by  the  p<>aUl  regoUtions,  have  bet-n  forwarded 
direct  by  mail,  wlierenH  gluilar  t ra nam iss ions  nrilinurily  psee  through  the  Eiobange 
Bureau.  Tliia  fuct  in  acciiuntabte  iu  part  for  tbo  decrease  of  the  namber  of  trui»- 
inissions  ob  compared  viilh  the  proreding  year. 

TUB   WORK   Of  TUB   BDRKAU. 


The  work  of  the  Bureau  is  sticcinctty  givpu  ii 
Bccordancu  with  the  form  used  iu  preceding  repoi 


the  following  taltle,  prepared  il 


TratiiacliiHia  •>/ 1*«  ll«T»aH  of  laternaliOHal  tjehattgta  during  tktfitcal  gear  1S9S-96. 
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0,701  M,a»5  . 

O.TSO  '  IS.IM  .. 

T.tOtt  18,786  .. 

S.VCS  '  13,077  . 


8.i31    :s.n3eL. 

G,Me     10,607   ... 


88.878  !S8,731  t.Oa  2 


1)8.240  «OS,iU  <i72»  . 
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II  repretwnt  tlio  growth 


Ug*-M.      1890-91.  I    1891-9!. 


1892-93. 

!««)-«<, 

.««-.». 

' 

101, 0«3 

9T.M9 

107,118 

200.  »aa 

23S.0M 

328, 955 

(.8»« 

a,  991 

8.T51 

H.5M 

9,009 

Q.U10 

1.020 
2,9(0 

3,034 

ai,*H 

:i2.93l 

29.111 

i9.osa 

2o,eOT 

27.180 

878 

90S 

1,364 

2,013 

2.iaB 

2,4*3 

1,904 

2,2,'* 

"Hie  exxiense  of  the  oxchange  eyat«m  is  iiTovidml  in  p;irt  b;  dirnct  nppmprintion 
bj  CoDgnas  U>  tb«  SmilbBonian  ItiHtitiiliiiii  r»c  tlie  piiriioxe  anil  iii  jiiirt  by  appro- 
pmlioDB  ukd*  to  difforenl  Govommcnt  Di'partmentsnr  ItiireaitH,  oitliercoutiiiKent 
oripecjtic,  for  repayment  to  the  lostitiitiuD  forn  portion  of  thocoHtof  triiiisportutioa. 

EvpQ  nith  the  close  eeonomy  neceaaaiily  exnrvJHeil  in  the  (UsbarHeiiient  uf  the 
flirect  apprnpriatiuDH  in  RiipjioTt  of  Ihe  exchange  Bervii'e,  the  luatittitiun  would  not 
hare  been  able  to  tranHiuit  exchangitB  with  reqiiiaite  iiromptuess  or  Tubularity  liod 
it  not  been  fur  the  revenue  derived  fmni  tlie  charge  of  5  ceulB  per  ]iiiuDd  weight 
made  to  UovarDioeiit  Depurtments  and  UiireaiH  and  to  State  inntitiitiona  on  their 
eichanges,  both  goiag  and  coming.  Thii  cliarge  nos  ntithorizcil  by  the  Itoard  of 
lte)>ent8  aa  far  back  as  1878,  and  has  aiuce  lieen  tnaintiiined.  Though  the  iippropria- 
tioDshave  been  iocreaaed  from  time  to  time,  the}  have  not  kept  puce  with  the  grow- 
inf!  demaoda  of  tlie  Rcrvico,  and  since  its  innugnr.itiou  there  has  never  l>ceD  a  time 
that  the  pr.ictice  conid  have  been  aboliahsd  or  even  ti-mpornrilj  Huii|ieiided. 

Tbe  appropriation  made  by  Congress  to  the  Institution  for  the  ^change  xervice 
dmiog  the  fiscal  year  1895-96  was  in  the  following  language: 

"Koreipenaea  of  the  system  of  international  oxi-hangeMlietweon  the  UnttedKtates 
androreign  conntrlea,  iiniler  the  direction  uf  the  Smithsonian  Insttliition,  including 
uliriea  ur  conipenaatiou  of  all  iiecesaary  eiuplo,vcex,  set  enteen  thimiwnd  dullars." 

The  receipts  and  dieborsementa  by  the  accooDtiiigonicitrof  the  Smithaooiiin  Insti- 
lution  on  account  of  JDlornational  oxohangea  for  the  year  immediately  jireceding 
Joly  1, 1896,  were  as  follows: 


..UoogTc' 


BEPOBT  OF  TBB  8ECRETART. 

BXPENSCS. 


ToUL 


vmsM i,s«.32     i.iM.n 

Printinc - »-5"  *.«) 

PgrtBC* »W  .         100.00 

SUUoKry  (i>d  xippUta l«.oa  :         «B.M  . 

PKkiDct»» J - MLU  I 

TnvrUDC  eipoun ~ 571.18   

iDcidrnUIa - «l.». 

B*UiirrluiHr(iniUUndiDcliabiIilir«jBBc3D.  IVS. 1«0.(S   


The  foregoing  Btatemeot  sbowo  tbat  the  •otirc  Mnonnt  reeeir«il  from  Govemiuait 
BareBdn  aod  otiier  onarces  was  f3,46!l.72,  wUich,  sililed  to  tbe  direct  kpproprUtitiD 
of  llT.CMKj,  maken  tlie  a^ffregalr  income  r.'0.4«H.72.  This  amount  was  insnfficient 
to  meet  ontstsndiDe  oUIi|;atioiui,  and  tbr  Iiutitatioa  was  tberefore  called  npwi  to 
advance  tbe  EOm  of  fl<t<.42. 

Ct>  KK  i:SIH>>  DENTS. 

The  totsi  natnber  orcorreeponden  t«  of  the  Eichange  Bnreaa  now  agRregatee 24,914, 
an  incTiaseof  1,5>I6  over  last  ysar;  of  thiHiiumb«T,  18.900  are  foreign  ant)  6,014  an. 
domestic,  aboat  40i>erreiit  of  which  being  institution!!  and  60  per  ceatindiTJdaklii. 
Thin  entire  list  may  be  coni^iilervd  active,  and  for  convpnienre  each  debit  and  credit 
account  is  kept  ou  separate  citrds,  eaail;  discerpible  on  account  of  using  different 
oolora,  thiia  aiding  greatly  in  expediting  tbe  work.  These  cards  are  assembled  in 
geographical  order,  making  tbciii  at  all  tinien  aci-essilde  for  quick  reference. 

Tbe  printing  of  a  reviited  list  of  foreign  correHpon dents  dnerven  early  considen- 
tion.  1q  March,  IS!Ki,  the  Secretary  authorized  the  preparation  of  n  revised  list,  imd 
Mr.  Boelimer  promptly  jierfecleil  A  card  catnlogne  for  that  purpose,  eliminating  sume 
duplications  and  ailding  inauy  new  nameH.  Action  iip«n  the  pnblication  of  the  list, 
however,  has  not  lieen  approveil  fur  tbe  reation  that  stiDicient  meant  in  excMS  of 
amount  necevHary  t»  meet  current  expeuHon  h»ve  not  I>een  available. 

IMTKKNATIONAL  KXCEIANGK   'If   OFFICIAL   HOCrMRNTS. 

The  number  of  oflii'ial  United  States  Government  pnblicatione  sent  to  tbe  State 
libraries  of  foreign  countrie«  during  tbe  year  in  accordance  with  tbeactof  Congreas 
of  18<t7  and  tlio  ItnisselB  treaty  »f  1M86  Wiw  ir>,4r>«,  and  the  number  receiveil  from  thou* 
sources  and  deiiositcd  in  the  Library  of  CongreHs  was  R,038.  The  I'nited  State! 
(iovernment  Departments  have  forwarded  to  thuir  foreign  correepondents  16,621 
packages,  and  have  received  in  return  10,.'>I2.  Taken  I'ollcctively,  the  packages  of 
excbiinges  transmitted  for  the  (iovcrnment  in  all  its  branches  aggregate  !)T  per  cent 
of  tbo  entire  number  handled. 

While  tlie  receipts  from  nliroad  for  deposit  in  tbe  Library  of  CoDgrees  have  been 
mui:U  larger  during  tbo  year  than  tliosH^  reported  fur  the  fiHCat  year  ending  June  30, 
IMITi,  the  iticri'ase  has  evidently  lieon  occasioned  by  large  receipts  from  donrcos  that 
niAile  no  shipments  during  the  prevtonn  year,  nnd  the  considerable  increase  can  not 
therefore  1)0  cnnHidcieil  permanent  in  chnrncter. 

Ah  tbe  new  building  for  the  Library  of  Congress  spproacbes  completion  and  nincb- 
iieedod  Bjiace  will  noon  be  available  for  occexsions,  a  special  agent  shonld  be  sent 
abroad  for  the  pnr|>oan  of  obtaining  contributions,  in  order,  if  possible,  to  make  the 
rei^ipta  more  connlsteot  with  the  ehipmeni 
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The  Biobange  on  ftcconot  of  QoTeranieut  Baie&au  ie  Bhown  in  detail  iu  the  follow- 
ing table; 

SUI«mtnt  of  Government  exchange*  daring  tke  year  1S95-96. 


KuM  of  BoreiHi. 


AMropbTilcBlObwrvBtory . 

Bonan  at  EtfanoloKy 

Bnneii    of    TjttcmAtioiul 

EidiiuigBa 

HaUoul  ZwlDgled  Park  . . 
r.S.AgncDUanl  DeparUnent. 

C.S.Bd«d  of  Anwrkid  K*- 

r.&BaiMDor  EdnuUoD 

C.g.BDn«a  of  Hedklne  ud 

l'.S,Biin«u0r  NkTigatiDD  .... 
r.  S.  BiuHUDr  Ordun«.  Nav}- 

I>e[«rtiiwnt 

I'.  S.  Bunaii  of  Ordnuce,  War 

Dewbuat 

r.8.  Bnnan  of  Siallatica 

l'.a,OiUM0fflM 

V.  S.  Cout  and  Oeuletic  Suiray 
r.  8.  CwBptroller  of  the  Cur- 

fe^T 

I'.  S.  OognaaiDHkl  Library  — 

r.&DepartnHDtof  lAbor 

V.  S.  DeiiartmeDt  of  SMam  En- 

KiMniog,  NaTy  DeiMirtment. 

U.S.  Eo[lDeer  Office 

r,  S.  Enlomological  UnamU. 

r.S.Fiah  Comialaalini ..... 

r.&Gowral  Lvui  Office 

r.^GMlD^caJUorrar 

I:.S.HjiltographkOffl» 


Fackagea. 
Recelred     Beoi 


Name  of  Bureau. 

0.S.  iDdian  AAtiraOUoa 

V.  S.  Interior  Departoient 

V.  S.   Iut«r*Ute  CamDieroe 

Commlaglon 

V.  8.  Life-SavlDg  ServiM 

r.S.LIgbt.HDuae  Board 

U.  B.  MarlDe.Heapltal  Service  . 

U.8.MI11I— liireclor 

U.S.NatioiIalAcMleniy 

U.  3.  Natioual  Boaid  et  Health 

U.S.  National  UuBamu 

U.  a.  NaaUul  Almaoal  Office. 
U.  S.  Naval  IalelUgeDC«  Office. 
U.  a.  N  aval  Muaemu  of  Hygiene 
U.  8.  Naval  Ubaervatory 
ir.  H.  Navy  Department . 
U.S. Patent  Office 


U.S.  President 

U.S.  PnbJc  Printer 

U.S. Signal  Service 

U.S. Stale  Department 

U.  S.  Siipertntendentof  I>Dbllo 

Docnmont* 

U.S.SiirgeoD.Genend'a  Office 

(Army) 

n.  S.  Surgeini.Ceiieral'a  OtHoe 
(Navy) 

■J  Deparlnent 

Tlce-Prealdi 
War  Depi 
War  Records  Offloo 
Weatber  Banan . 


Recelve<l 

Sent 

by. 

8 

■,:^ 

W 

347 

« 

1,11$ 

•en 

l,«tl 

18 

d3 

1» 

i. 

70 

J 

«.ISO 

BFFICBNCr  Uf  THK  8KRVICE. 

The  excb»nge  leUtioiu  with  Qreeoe  ore  still,  aa  in  the  past  two  years,  in  an  uDSat- 
itfactery  couditioD,  aod  at  present  no  pitckoges  are  forwarded  to  tbat  country  excejit 
thuw  emanating  from  Government  Bareaua  and  acieutifio  contributions  which  as  to 
stie  and  weight  are  enffloiently  within  the  requirements  of  the  postal  service  to  admit 
iif  their  being  forwarded  direct  by  post. 

The  aicbaDges  with  Meiioo  also  continue  to  be  unsatisfactory,  and  the  trauemis- 
Bionof  parliamentary  documents  is  suxpeniled  pending  the  result  of  an  efl'urt  now 
being  made  through  diplomatic  correspondeutM  to  establish  a  systematic  exchange  of 
publications  by  a  reapoBBible  tepreMntative  to  be  duly  autborJKei)  by  the  Mexican 
GoTeniment.  Pnblications  of  scientiflo  bnrsans  and  societies  are  forwarded  direct 
by  mail,  however,  as  before  stated. 

The  official  exchange  of  public  docuroents  is  also  temporarily  suspended  with 
Japan,  owing  to  the  absence  of  a  systematio  provision  for  the  proper  conduct  of  the 


50  KBPOBT  OF  TUB  8ECBETART. 

woik.  Tbe  Japanese  miniBter  is  in  oorrMpoDdmce  with  his  Qovemment,  and  it  ia 
hoped  BatUrsctoi;  arruig«m«Dt«  irill  bood  b«  effected. 

The  iDcreased  appivprialioD  for  189&-96  over  preTioni  jreara  liaa  enabled  tb« 
Bureau  to  employ  some  additional  aaHlBtauce  and  to  tnore  ezpeilitioaaly  transmit  the 
packageH  intrasted  to  it.  Tbe  foreign  service  could,  however,  be  niada  much  tatre 
effective  if  the  appropriatioD  was  safflcieat  to  admit  of  forwarding  oases  by  fast 
steamers  instead  uf  being  compelled  to  rely  upoo  slower  conveyance  as  is  now  occ*' 
aioned  by  forced  economy. 

No  provision  lias  yet  been  made  in  Congressional  appropriations  for  tbe  immediate 
exchange  of  parliamentary  documents  in  accordance  with  the  treaty  concluded  at 
Brussels  in  188S,  and  for  which  tbe  Secretary  of  State  reconuuended  that  $2,000  be 
appropriated. 

It  is  my  pleasure  to  inform  you  of  the  effioioucy  of  the  employees  of  tbe  Exchange 
Bureau,  and  to  express  wy  appreciation  of  tlie  energy  with  which  they  nnifornily 
endeavor  to  jirevent  the  work  from  accumulating.  I  beg  also  to  call  yonr  atteiitian 
to  tbe  interest  taken  in  all  affairs  of  the  Instittitiun  by  its  agent«  in  Eurojic,  Dr. 
Felix  Flligel  iu  Leipvic  and  Messrs.  William  Wesley  &.  Son  in  Limdou. 

Below  is  a  list  of  transportation  companies  and  others  that  continue  to  aid  the 
Institution  to  a  marked  degree  iu  contributing  &ce  freight  or  charging  only  a  mini- 
mum, and  iu  otherwise  disinterestedly  aiding  in  tbe  diffnsion  of  knowledge: 

LIST    I 


American  Boar<l  of  Commissioners  for  Foreign  Missions,  Boston. 

Anchor  Steamship  Line  (Henderson  &  Uro.,  agents),  New  Yprk. 

Atlas  Steamship  Company  (Pirn,  Forwf>od  &.  Co.),  Kew  York. 

Bailey,  H.  B.,  &  Co.,  New  York. 

Burs,  C,  consul-general  for  Sweden  and  Norway,  New  York. 

Boiilton,  Bliss  &.  Dallett,  New  York. 

Calderon,  Climaco,  consul-general  for  Colombia,  New  York. 

Cameron,  R.  W.,  &  Co.,  Kew  York. 

Baltaizi,  K.,  consul -generiil  for  Turkey,  New  York. 

Compagniu  G<^n^ralo  TraDsatlantique  {A.  Forget,  agent),  New  York, 

Cunard  Royal  Mail  Steamship  Company  (Vernon  H,  Brown  &.  Co.,  agents),  New 

York. 
Consul-general  for  ChUe,  New  York. 

Hamburg-American  Line  (R.  J.  Cortis,  manager),  New  York. 
Heusel,  Brui'kmauu  &.  Lorbacher,  New  York. 
Cousul- general  for  Uruguay,  Baltimore,  Md. 
MuEioz  y  Espriella,  New  York. 

Navigazione  Gonerale  Itnliana  (Phelps  Bros.  &  Co.),  New  York. 
Netherlands  Auiericau  Stuaui  Navigation  Company  (W.  H.  Vandeu  Toorn,  agent), 

New  York. 
North  German  Lloyil   (agents:  Oelrichs  &  Co.,  New  York;  A.  Schumacher  &  Co., 

Baltimore). 
Obarrio,  Melchor,  consal-genernl  for  Bolivia,  New  York. 
Pacific  Mail  Steamship  Company  (H.  J.  Bullay,  superintendent),  New  York. 
Pioneer  Line  (R.  W.  Cameron  &  Co.),  New  York. 
Perry,  Ed,,  &  Co.,  New  York. 

Pomares,  Mariano,  consul-general  for  Salvador,  New  York. 
Bed  Star  Line  (Peter  Wright  &  Sous,  agents),  New  York  and  Philadelphia. 
Riih],  C,  consul-general  for  Argentina,  New  York. 
Royal  Danish  consul.  New  York. 
Boyal  Portuguese  eoosul-general.  New  York, 
■liz,  Domingo  L.,  consul-general  for  Ecuador.  -.  . 

wart,  Alexander,  consul-general  for  Paraguay,  Woshiugton,'-D.*^ti.^J^  IC 
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Totlello,  Enriqne,  eonBnl-generBl  for  Guatemala,  New  York. 
White  Croaa  Lino  of  Antwerp  (Fnnch,  Edje  &.  Co.).  New  York. 

The  foUowiitg  is  a  list  of  the  Smitheonian  coiresiionileiits  abroad  a<^ing  as  dis- 
triboting  oenters,  or  receiving  publications  for  transmiseiou  to  the  llDited  Slutea ; 
Algeria:  Borefto  FranvAis  des  Eobanges  Interuatiouaux,  Faris,  France. 
Atgeotina:  Unseo  Nacional,  Buenos  Ayres. 

Anitria-Hnngary :  Dr.  Felix  Plligel,  No.  9  Hcbeiiknndorf  Strasse,  Leipzig,  Gernuiuy. 
Braiil:  Bibliotheca  Naciooal,  Bio  Janeiro. 

Belgiam:  Conunlasiou  des  Ecbangei  IntematioDaux,  Rue  da  Musde,  No.  6,  UrDMete. 
BoliTia:  University,  Chnqnisaca. 

British  America:  HoGill  CoUogs,  Montreal,  aod  Oeological  Survey  OlUce,  Uttawa. 
British  Colonies :  Crown  Agents  for  the  Colonies,  Londou,  England. 
British  Gaiana:  The  Observatory,  Georgetown. 
Cape  Colony :  Colonial  Secretary,  Cape  Town. 
ChUe:  Universidad  de  Chile,  Santiago. 
Ckltia:  Dr.   D.  W.  Doberok,  Govemmeut   Astronomer,   Hongkong;   for  Shanghai: 

Zi-ka-wci  Observatory,  Shaogbai. 
CakHubiB  (U.S. of):  National  Library,  BogoU. 

Costa  Kica:  Inatituto  Fisioo-Googritioo  Nacionalj  San  Jos^.  * 

Cnba:  Or.  Federico  Poey,  Calle  del  liayo,  19,  Habana,  Cuba. 
Denmark:  Kongalige  Dansko  Videnskaberoea  Setskab,  Copenhagen. 
Dntch  Qaiona:  Snrinaamsche  Koloniale  Bibliotheek,  Paramaribo. 
East  India:  Director-General  of  Stores,  India  Office,  London. 
Ecoadoi:  Observatorio  del  Colegio  Nacioual,  Quito. 

Egypt:  Socii'ti^  Kb^liviale  de  G6ograpbi?,  Cairo. 

France:  Bureau  Francais  des  fiohanges  Internatlonaux.  Paris. 

Germany:  Dr.  Felix  FMIgel,No.9  Sihenkeiiilorr  Strasae,  l^ipxig. 

Great  Britain  and  Ireland ;  William  Wesley  &  Son,  'JH  ICshqx  street,  Strand,  London. 

Guadeloupe.     (See  France.) 

Gaatemala:  Institnto  Naoional  de  Guatemala,  Gnatemala. 

Haiti:  Secretaire  d'£t»t  des  Relations  Exti^rieures,  Port-an- Prince. 

Honduras:  Biblioteca  Nacional,  Tegncigalpo. 

iMlsad:  Islands  Stiptisbiikasafn,  Reykjavik. 

Italr:  Biblioteca  Nazlonale  Vittorio  Euianuele,  Rome. 

Jspaa:  Minister  of  Foreign  Affairs,  Tokyo. 

Java.    (Sw  Netherlands.) 

Liberia:  Liberia  College,  Monrovia. 

Usderia:  Director-General,  Army  Msdlool  Department,  London,  England. 

Malta.    («M  Madeira.) 

Uaoritius:  Boyal  Society  of  Arts  and  Sciences,  Port  Lonii. 

Meiieo:  Packagee  sent  by  mail. 

Hocambiqne:  Sociedade  de  Geographa,  Mozambiqne. 

Nstberlands :  Burean  So EentiGqne  Central  N^erlaodais,  Den  Holder. 

NeiT  Caledonia :  Gordon  i,  Ootcb,  London,  England. 

^ewfonndland :  Postmaster-General,  St.  Johns. 

Xe*  South  Wales:  Qovernment  Board  for  International  Exchanges,  Free  Public 
Library,  Sydney. 

NaT  Zealand:  Colonial  Unsenm,  Wellington. 

Norway:  Kongelige  Norske  Frederika  Universitet,  Chriatiania. 

Puagnay:  Government,  Asuncion. 

Fern:  Biblioteca Noolonal, Lima. 

Philippine  Islands:  Royal  Economical  Society,  Manila. 

Polynesia;  Department  of  Foreign  Affairs,  Honolulu. 

Portugal :  Blbllotheca  Nacional,  Lisbon. 

Qiwensland:  Begistrar-General  of  Qaeensland,  Brisbane. 

Bomnaida.    (JaeGarmony.)  Dcjize^ovOoOQlc 
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,  KUiotUqne  lmp6iale 
FVbliqM.  St.  Pctenbots, 
SC  Bt^eas:  Dinctor-GcMnl,  Aim;  JU^fal  DcptrtmaO,  VamOan,  EngUuL 
g>lta<Wt:  Hdmo  SMnoMl,  Sui  Salvador. 

Bovlb  AMtnlis:  ActroDSHieaJ  Ob«nntaT7,  Ad«Uide. 

»p«ui :  B.  Afi>i1«»ria  da  Cicneia^  Hadnd. 

Swa^a:  KoogliK*  ST«Mk>  Vctmakapa  At»d^w»-  SIoefcbolB. 

Stritzoflsad:  Central  Libnrj,  Betoc 

T—maaia:  Bojal  SocielJ  of  Taamaoia,  tlofaarton. 

Tnrk«j:  AMsrican  Board  of  CouiiMian«n  Tor  Foreign  Minoos,  Boeton,  Haas. 

Vrnputj:  Oficina  dc  Dapusito,  Kepaiw  y  Canj«  Inteinadonal  do  Pnblieationee, 

MOBtCTidciO. 

TMWznela.-  Hoaeo  NaewMd,  CaracM. 

Tietoda:  Pablis  Libncr,  Hoaeam  and  KaUonal  Gallerj,  Helbonrne. 

WcMera  AnaUaUa :  Agent  GenKSl,  Loudon. 

'Ptmmtmi»ti«m  «/  errkmmftt  t«/»raifa  wtnlrMa. 


SeptBb«rll.K>mBlKrtl,UM;  Febraary  J.  Mareb  SS.  !!■  j  a.  Jo"* 

n,iaM. 

JoSj  10,  30.  September  J.  October  K  Nor^bn  1:^  iC,  Dmnbar  5.  It. 
M,  l»S;  JunwryS,  37.  Febnat?  7,  SO.  Muvb  7.  1<,  April*,  It. S. 

Jal  J  B,  AuguMX  19.  Koranbcr  *.  Deuabs  ^  1886  i  Juiuiy  10,  Ibrcb 


14.11 


i;iUra 


Brilljih  eolBDlM 
CapaCotoa;... 


UtuttJUlWn.tUi.. 


UH;  FebniUT  3,  Uirch 
Daoember  IT.  UK;  Febnuirt. 


September  14,  Kur 

2«,  Ifa;  Z).  Jiue  a.  189C 
Ancut  W,  October  15,  MoTember  14 

April  t.  Usy  T.  Jane  29.  UM. 
SepteuberlS.  DManberSl,  IMS:  MajlO.  1800. 
September  29.  IgSS;  Jmatazj  3,'Utj^i.  JaneU.  ISM. 
SeplemberU,  NoTaoibet  22,  December  10,  laW;  Fetircuy  3,  Uuch ». 

Muf  23,  Jiue  22,  lesc 

ovembet  22,  1885  -.  Harcb  26,  Haj  SB,  1S«8. 
Septfmbet  17,  December  IB,  18»9i  Utj  »,  ISW. 
Uuobll.iew. 
Jnlf  »,  Angiut  21,  Norember  T,  18>5i  Jatmaij  29,  Haich  IB.  Uarl* 

~    w  24,  ISM. 


»Uy23.1gB«L 

December 

10,1896i  May  21. 

8M. 

d.j  -a.  i8»a 

September  IB 

IBBS,  M.r20.18»«. 

4,  October  21,  No 

ember  20,  Dae 

Juuu7  2, 

13,  28.  Feb 

nary  7, 18,  Uareh 

10,  1«.  April 

)0l7  10,  IT.  3 

r  T,  October  28,  N 

Tember  12.  28 

14,  3U,  18Bfi 

Jmti.r) 

21,  27,  Febfoarj- 

',  It,  20.  Man 

B.  18,  M«, 

,  U, June 

,  22,  28,  18»fl. 

Julys,  17,  20,  Anguit  30,  September  4,  23,  October  16. 
Deoemb*r2,  B,  IT,  2S,lg»s,  Jannary  7,  M,  February  8,  2 
IT,  April  4.  IT,  22,  28,  Uay  T.  27,  June  15,  28,  IBM. 

September  17,  December  IB,  IBM;  Ma;  2G,  IBM. 

September  IT,  IBM. 

aqptwnbei  II,  Dwiember  »,  laUi  M^  3b.  UM. 

Coot^lc 
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lUI; I  Jul; Id.  12.  Aagaat  S.  MoTenber  I.  DwenbHa,  IH.  ISM^  Uaroh  3,  28, 

I      April  M,  Uay  ^  June  ft.  2S,  1»«. 

Ulvrw ;  Mnj-W,  IBM. 

MnicD '  IB;  ngtatored  null.) 

N»  Smilb  Walea Jaiy  ),  NoTunbar  11.ISSI;  Jwnwrj  13,  Mu-cbSI.  June  17. 1M«. 

SeUKrlsDiIi  aod  odIodIss j  Jd)j  IZ.  Aagul  T,  NoVBDbnr  4,  December  11  IWS^  JaoDkr;  3*.  Mucb 

1*.  April  19,  M.J  2J,  Jnne  10,  2*,  ISM. 

StwZeaUiMl '  July  l.Konniberll.lSBS;  Juaiirj  l3,Ukrch  »,  June  IT,  ifM. 

BJungu I  Uwwmber  l>,  18K. 

Nemy {  July  ]2,ABg<ut  Zl.Kareniber  7.  IWi;  JaDDsry  31,  Uircli  21.  Ha;  1>, 

I      JuiielO.24.1We. 

Fera '   September  HNorrmber  22.  l«l»;  Febmaij  S.  Uircb  2S,  Uay  iS,  JniM 

AlHM. 
■   Jnlj  l.Mavsmber  11,  laHi  JaDuiy  l3.Uuah  31,  June  t7.IIIM. 
.   July  12,  Augnil  20.  Koirmber  7,  1888;  JiBuary  31.  March  II,  Hay  0, 


<]Be«ilaiid . . 


Vsteiii  AnetraU*  .  - 


July  l,NoTi 


T  13,  Mar 


I.  Ma,  T. 


1.  Deeember  4, 1M6 ;  Jan 
>i  May%.l«M. 


17,29,  in«. 

Ilnelnded  InGennaay,^ 
Joly  11,  AuguatS,  October  31 

Aprll14.Hayt.JaneB,1 
SepC«inber  IT.  December  1 
(Inolnded  In  Oemuny.) 
July  1.  November  11,  INS;  January  l3.Huiita  31.  Jnne  17, 1M«. 
July  12.  AaKDnt  10.  Marenber  7,  December  IT,  l§M;  Januiuy  91,  Hani 

tfi.  May  1«,  UM. 
July  11,  AagD>t«,1&.  Oclaber  II,  December  4,  IBftS;  January  0.  Harcl 

4.21  April  14,  May  4.  June  S,  23,  lg9«. 
July  11,  AuRuit  13,  N-ovemlier  a,  December  10, 19W^  Jaunary  3.  Harcl 

1«,  April  21,  Hay  IS,  June  17.2>,  18M. 
January  29. 19W. 
DBcembv  10, 1999,  June  24. 1809. 

September  14.  Kerember  22,  I8>9 ;  February  2,  Hay  13.  June  10, 24.  IM«. 
SeptAuber  14.  November  22,  ISMi  Uarch  I«.UBy  23.ie»«. 
Jnlyt,Naramb*rll.l»&(  Jandary  13,March  31,Jnne  17.19M. 
January  2S.  IMt. 
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t  OF  THE  EXUHANOE  SERVICE. 
Bj  W.  1.  Aduu. 
Th«  following  liiitorj  of  tbe  exchange  service  and  ite  metboils  hax  bm-n  prepared 
by  Ur.  W.  I.  AdkiDt  Avm  tbe  archives  of  tbe  iDstitntJou ; 

JlHaems  alto){etber  appropriate,  wbilo  the  SmitbHaDlan  Institution  in  fomniomii- 
rating  the  fillieth  year  of  itN  nftefuliiesa,  to  miooinctly  review  the  pTognwa  ami 
aecoiDplisbment'i  of  its  Bystem  fur  the  I'xchauge  of  Che  ilupliaate  copini  of  literary 
an<l  BCieutiflc  pnbiicatioDB  from  the  begiDuiDg.  Thongii  but  usiihorditiate  hranoh' 
of  the  Institution,  tbe  diviBion  of  excban^-en  has  <loue  a  large  part  in  the  iniTuMO 
and  diffusion  of  Icnowlodge,  and  materially  assisti^d  in  tbe  promotion  of  the  objert 
for  which  the  Institution  was  eatablished  by  its  founder. 

The  forwarding  by  the  Smitlisonian  lustitiitlon  of  its  publications  ami  annnal 
reportstootberHrientiHo  institutions  anil  to  individuals  inlereated  in  Hciencethrough- 
oDt  tbe  world  was  inaugurated  almont  at  tbe  very  coinuientement  of  thewi  publira- 
tioDS,  nnder  a  plan  of  procedure  adopted  by  the  Hoard  of  Kogeutx  December  S,  1S4T, 
apon  the  recommendation  of  I'rofi-ssoT  Henry,  and  in  exchange  the  Institution 
wliciteil  the  acientiiio  works  pnblisbeil  by  its  correepomletits. 

The  detaila  attendant  u|H>n  this  Important  function  of  the  Institution  were  in  the 
beginning  Hnper^'ist'd  liy  l*rofes««r  Henry,  and  so  I'nily  did  they  commnnd  his  atten- 
tion that  not  a  little  of  the  work  vtan  done  l>y  him  iiersonnlly,  until  Jnly,  IS.'U),  when 
Professor  Batrd  was  appoint4<d  Assistant  Secretary  of  the  Itistitntiou.  and  almost 
immfdioteJy  aaonmed  direct  I'harge  of  the  exchanges. 

Mr.  George  H.  Hoehmi-r,  in  his  History  of  tbe  Smithsonian  Exchanges  compiled  to 
IWl.rerites  the  fact  that  other  attempts  had  l>oeu  made  for  tlie  exchange  of  literary 
and  xrientitir  pnblicatiunx,  noUbly  by  the  Koyal  Library, of  Franco  in  16!M,  and  In 
the  United  States  early  in  the  present  century  by  the  American  Philosophii-al 
Society,  founded  in  Philadelphia  in  1743,  and  liy  thu  Americnn  Academy  of  Arts  and 
i^iencea,  fonnded  in  Boston  iu  1760.  The  prime  object  in  each  case  cited  woh  the  ulti- 
mate enrichment  of  its  own  library  by  reciprocal  cxrhangi',  while  the  resuile  desired 
hy  the  Smithsonian  Institution  were  not  solely  for  the  purpiuie  »f  lucreasing  its 
eollpctiun.  but  for  tbe  diffnitiun  of  knowledge  among  men. 

8o  favorably  did  Profeeeor  Henry's  plan  impress  scientists  tliat  n  committee  was 
appointed  by  tbe  American  Academy  of  Arts  and  Scjunces  to  consider  its  iiiuthoils  in 
detail,  and  on  December  7,  1847,  the  committee  reported  as  follows; 

"It  can  scarcely  he  donbted  that  an  important  impnlne  would  lie  given  by  the 
Smithsonian  Institntion  in  this  way  to  the  cultivation  of  scientiric  pnreuits,  nhile 
the  extensive  and  widely  ramil!ed  system  of  distribution  throughout  thti  Tnited 
States  and  the  world  would  insure  them  a  circulation  which  works  of  scieuco  could 
scarcely  attain  in  any  other  way." 

At  tbe  commencement  of  its  exohange  system  the  Institntion  was  much  annoyoil 
by  the  excessive  expense  and  tronblesome  delays  canse<l  by  the  re()uirenieuta  of  the 
United  States  cnstom-honse  service,  and  no  relief  was  felt  until,  after  vament  and 
concerted  effort,  Congress  was  led  to  adopt  the  enlightened  policy  of  admitting 
through  the  custom-honses  flreeof  duty  ncientilic  publications  from  foreign  countries 
addreiwed  to  the  Smithsonian  Institntion,  eithir  for  ils  own  use  or  an  contributions 
to  learned  societies  and  institntlons  throughout  the  United  States. 

This  appropriate  act  of  the  American  Congress  stimulated  foreign  Hcicntific  soci- 
eties to  interest  tbeii  Oovemmenle  to  the  same  end.  Among  the  Strut  to  take  active 
Steps  in  this  direction  was  England. 

On  March  19,  1852,  Mr.  Edward  Sabine,  vice-president  and  treasurer  of  the  Royal 
Society,  wrote  Professor  Henry,  in  reply  to  his  lettor  urging  action  by  the  Royal 
Society  In  the  same  direction,  saying: 

"The  subject  has  since  been  hronsht  by  the  Earl  of  Rosse  under  the  conHideration 
of  Her  M^eaty's  Qovemmont,  who  nave  shown,  as  might  be  expected,  niuch  readi- 
ness to  meet  in  the  same  spirit  tbe  liberal  example  which  basli^eQ  sot  by  the  United 
Stales,  in  exempting  free  of  duty  scientific  books  sent  as  presents  from  this  country 


■■  Tw^  1^  111  wo^  K  '*^<"i  nx  'hi  iiiwi  h  panv-if  bt  dipped  where  dntiM  arc 
•■i.vr'-t  •*  'i>^  k  t-r^^i-H  .L I  HIT  <c  saaMBi*-  k;  ite  ^Mrruiy  being  suflicieDt  to 
uiM»  'Jim  ':  -v-.^i  ^■■-  --i:-i^>n-i>-iuM  ^iit  i-f  ccn.  <ta  tbr  Mbt>  Iwod,  ftU  packagM 
i*r^—*f-  '.<  -:-  -I----  Ttr-i  fc=--:i;CfcTUK  wmo^ilw  I'liita]  ^utw,  are  admitted, 
■w  -.!. -i-.  t«^i^v"'i''-  i^:-z  irvt     TY»  »jt««"  •- *i*t»iip»  ifc.  tlwrefore,  Uie  nwel  Mten- 

"^ut  r*-.^-'-.-~i-iun'-  ti  Uft  >ii^ ~i.-*:«.ia*  exr^u^  ayKf  aoon  b«cune  M  widriy 
Lii.'V-L  -.•^i:-,if  I  I  -i^ti*  ra^ou^':  ~;t«I'  i^  sapBcatod  eip«nae  tIiT««teaed « drain 
i->A  ;i>t  •»> •!.>-«*  •.^:i«  lii<:  •'i>:.«M»~'k  aaex1mlaatabeal»niiiDg,aiidMem«d 

's  :^>3.  v^it-  •  ''X'*  **  ^  IT  if  ».>.-!if  if  poMble.  >  part  of  tb«  expeiiM  or  the 
M-Lk^'t  •■^•4<^i-  iriim  *>-Tv  vTiiiFii  M  tbe  principal  transportatioD  compBDiM 
^^  , ,  (  .r;;,  i;^  iiii=»*  fflf  I-'  Biidcri»kii«.  and,  in  ronaidcratioD  of  the  great  ben- 
•1  .vri«i  "'"=■  li-^  »'r>;'f.  *5kiu;  that  they  rttDnder  the  aabjert  of  a  reilactioDor 

tf*  Tlic  rt-'..'*  iwi^vlfrom  srariT  all  tbe  oomputira  addrewt^  were  gratirjiog 
.  ».,i~.iue— •••n*  ron*<-uI«l  l»  <'b»r};e  merelj  a  nominal  Tat«,  while  othew  cheer- 
fn;:i  o3^r«i  u.  tr»a-l-*n  nehaoc**  free  of  any  ehMge  whatever. 

ivnL  vLi-  ..eurri-D*  a-*i-t«n'«  of  the  tTMiaportation  ooiDpaniw,  the  Inrtitntion  ir»« 
111  i  tv  o'lttinae  ibr  wurk  and  to  KaiDt&in  the  ayatein  for  the  time  being,  not- 
vilLdtaD-iine  the  (rrowi'R  demanda  upon  it. 

The  eo..|Hrraii.>n  of  tbe  liepartiDBiit  of  St*te  hM  been  of  in  calculable  value  in  the 
f  TtlHTaiice  of  tbe  aimB  I'f  the  Institution  in  the  diffnsion  of  knowledge,  and  the 
Its  attained  woold  have  been  difficult  to  snnnontit  had  it  not  been  for  the  intel- 
iT^tit  and  coiirtwuB  aid  contributed  by  the  repreienUtiyea  of  tbe  diplomatic  and 
consular  service  iu  all  parte  of  tbe  world.  The  wmo  conaidemtlon  is  dui^  to  the  dip- 
lomatic representatives  of  foreign  (Jovemments  residing  io  Washington,  many  of 
whom  have  not  only  done  tlieir  utmost  to  aid  their  countrymen  in  ohtainiug  the 
most  i..lvanced  ideas  of  scientists  tbrooghont  the  world,  bat  b«7e  been  persosslly 
interested  in  ecientilic  study.  ,   „    .  , 

In  no  field  of  international  exchange  of  the  products  of  effort  is  reciprocity  so  eatf 
geticallv  demonstrated  as  in  the  promulgation  of  wientilio  research  m>d  higher  eda- 
cation  "  The  history  of  the  Smithsonian  eichanges  deinonstrates  the  far-reaohini 
Inflneuce  of  stuily  to  such  an  extent  as  to  make  it  impossible  to  conceive  of  the  luag- 
ultnde  to  which  the  sm>  ice  may  attain  and  the  results  that  must  necessarily  foUM 
to  tbe  Ijenefit  of  mankind.  *  ,         .,. 

Althoogh  on  several  occa«ions8ub9e.,u6nt  to  IMOBperialmeaanrwi  were  adopted  bj 
Corigreas  for  the  foreign  distribution  of  special  Government  publications  in  eichaapt 
for  ■iiuilar  works  of  other  countries  to  be  deposited  in  tbe  Library  of  Congreia,  bo 
geuerui  action  waa  taken  until  1867,  when  tbe  following  act  was  passed : 
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of  either  Honae  of  CoognM,  and  flfl;  copien  additional  of  all  ilocumenta  prioted  in 
eiceAt  of  the  UBaal  number,  together  iTith  fifty  oopie*  of  each  publicatiun  iwned 
by  ODj  Department  or  Uurean  of  the  Govemmeut,  be  placed  at  toe  diepoeal  of  the 
Joint  Committee  on  the  Library,  who  shall  exrban^e  the  aamn,  tbron(;h  the  Agency 
of  the  Snithaoiiian  Institution,  for  such  worka  published  in  furrign  conntrien,  and 
etpecially  by  foreign  Govemmenta,  as  mity  be  deemed  by  said  committee  An  equiva- 
lent; said  workH  to  be  (lepa«it«d  iu  the  Library  of  Congresa. 
"Approved  Marob  2,  ISffl.'' 

It  will  be  ol>serveil  from  the  teit  of  the  law  that  the  primary  olijoot  of  the  act 
was  to  secnre  for  the  Lilirary  of  Congresa  promptly,  and  with  regnlarity,  tbo  alUeial 
publieatioDH  iif  foreign  conntriea  cimcerning  legislation,  Jiirisprudi-nce,  couiueroe, 
nuuin  facta  Tea,  agricaltnre,  stntiHticH,  etc. 

No  appropriation  was  made,  or  even  intimated,  for  this  servii'e,  but  as  several 
inenths  and  perhaps  a  year  would  elapse  Imforu  a  snfficient  number  of  iliiciiineiita 
wonld  iiccnmulate  to  admit  of  a  systematic  traiiHmiaaioti,  a  uircnlar  letter  wa*  mailed 
through  the  nlHcial  i-liaonel  of  the  Department  of  State  for  the  purpose  of  ascertain- 
faig  what  Govemmenta  would  »inperat«  in  the  jiroposeii  arrangement.  In  due  course 
so  many  foreign  Oovem  men  te  acreptetl  the  proposition  us  to  insure  ita  micceas,  tbongh 
•one  coiintrieH  were  ilereliat  in  specifying  to  whom  or  in  what  manner  the  cases 
Bbontd  lie  forwarded,  it  being  understood  tbat  they  would  be  delivered  l^eeof  freight 
chargra  to  any  plare  in  Washington  or  New  York  tliat  might  be  designated. 

These  delays  in  consummating  the  desired  plan  were  primarily  dne  to  tbe  absence 
of  coocvrted  action  in  designating  proper  oflirera  or  establishing  bureaus  in  differ- 
ent countries  and  providing  HulHcient  means  for  defraying  the  attendant  expenses. 
Though  supported  by  tbe  leading  men  in  IJteratnre  and  seience  tfaroiigbont  the 
world,  it  was  a  slow  process  to  obtain  Government  aid  iu  the  several  countries  most 
interested  io  tbe  movement. 

Several  attempts  were  made  by  the  Institution  to  induce  Congress  to  assist  Id 
defiftyiDg  the  expense  incurred  iu  the  distribution  of  Government  publications,  and 
also  to  obtain  aid  in  the  distribution  of  works  upon  actentillc!  and  literary  subjects, 
the  entire  rxpenso  of  which  having  in  the  year  1«76  exceeded  910,000,  or  one-fourth 
of  the  income  of  tbe  Inxtitutton.  anil  wns  tbreateniug  a  curtailment  of  expenses  and 
seriona  impediment  to  tesearnh  in  it«  xeverat  scicntilio  brandies. 

The  persistent  efforts  of  scientists  and  the  growing  interest  raanifi«ted  by  the 
varions  Governments  resulted  in  tbe  holding  of  an  InternatioOHl  Coogrexs  in  Paris 
during  the  moutbe  of  August  and  Septemlier,  187G,  at  which  were  present  neveral 
bnudred  scientists  from  all  parts  of  the  globe,  and  reprepea  ting  tbe  following  Nktional 
GovemtDente:  Austritt-Hnogary,  Itelgiiim,  Chile,  llomiuir'an  Rcpublio,  I'rancc,  Ger- 
many, Italy,  Hungary,  Norway,  Portugal,  Ronraania,  Russia,  Spain,  Sweden,  Swiss 
Cod  federation,  Turkey,  and  the  United  States.  As  a  result  of  thi»  conference  the 
following  plan  for  tbe  international  exchango  of  scientific  publications  was  proposed 
and  nnauimoDsly  adopteil : 

"Tbe  undersigned  delegates  propose  to  request  their  respective  Governments  to 
organize  in  each  country  a  centrat  bureau,  whose  duty  it  shall  be  to  collect  such 
csrlographio,  geographic,  and  other  publications  uh  may  be  iwtneil  at  the  expense  of 
the  State,  and  to  distribute  the  aame  among  the  various  nations  which  adopt  the 
prtsent  programme. 

"Thwe  bureaus,  which  shall  correspond  directly  with  each  other,  shall  serve  to 
tmtsmit  tbe  international  scieiitilic  communii-ations  of  learned  societies. 

"Tbey  sfa nil  serve  as  the  intermediate  agent'i  for  tbe  procuremcut.  on  the  best  poa- 
uble  terms,  of  books,  maps,  iustrumcutH,  etc.,  pablished  or  manufactured  in  each 
coantry,  and  desired  by  any  of  the  contracting  countries. 

"Each  country  shall  transmit  at  least  qqu  cupy  of  its  national  publications  to  tbe 
otber  contracting  countries." 

In  order  to  formulate  the  general  plan  adopted  by  the  International  Congress  into 
tangible  form  to  admit  of  more  definitely  arriving  at  the  desired  concluNions  by  tbe 
diOerent  countries  interesteil.  Baron  de  Vatteville  was  charged  by  his  colleagues 
with  tbe  duty  of  forming  at  Paris  a  commission  of  exchanges,  which,  on  January  29, 
1S76,  ftdopteil  a  code  of  mles,  a  copy  of  which  was  duly  transmitted  to  I'rofeasor 


59  KErCHTT   OP  THE   SECBETAUT. 

Hkti  lin-^  xi»  P'|iifi'»t  W  S«atc  asking  (at  u  expreMioa  of  opinion  mIo 
:»*=»*---  <J-  TLt  j-lki  p»wridcd  tkst  *««b  Gorerninwit  ahonld  desigiute a  repn- 
•!it»:;-T  ■  :»sx  f  Jt  U<  I'liiiiiMrBttna  »f  all  the  affaira  pCTtainJiie  toeichuigw. 

AArT  ciMnKre  nprTef-ivCidrwv  bdVMD  the  ronuniBsiiHi  of  exchAngea  nt  P«rii,Ui« 
:f^ntari  •{  >utc.  *i  i  tbr  Srcretair  of  tbe  SBuUuonun  Institation  with  regard  to 
tl*  pat.::-  s  tii»  cnr.^ny  vnoid  Ukc  io  the  orgaoiiation  of  a  propoieil  eichinge 
^■:pf»^  -t  »»•  di»:;f  a-ade  ■ppuiat  that  the  S«cnit*ry  of  Stato  was  anthHiB  to 
■uc-r  ih'  ■>«  :_-•  '..as  t^niaiMo  the  GoTFrnoteDt's  otiicial  representatiTe  ia  the 
BSiwr.  :t-  exper-.esn  dirixc  mon  thao  a  •loarter  of  a  centaiy  making  it  nnqoali- 
ir-Lr  ;b*  !••«  e^T'rat  iceMT  The  great  expense,  already  Imnlenwme  to  the 
I=»:;:b::o=.  ainl  »  h:ei  ma-^t  nMes>«rily  he  largely  increaaed  by  asgiiming  tlie  ilnlia 
•f  th<  vt.f.i'.  sedisai  of  ei<-haD|;p  of  the  (ioremiiient.  caused  a  reDewal  of  rH'orl  in 
th--  d:rrrli'ja  of  oi-u;-.:n2  niiaorUI  oraUtance  from  ('ongrew.  nnd  the  Department  of 
SUCr  rrroaiDFaded  th.il  CnDicreat  shoald  make  an  appropriatiua  of  fT,00(l  in  >iil 
of  thf  Insiii'itii'D  IW  (lirifar  of  ISSI.  An  allowance,  however,  of  *3,000 only  wm 
graiicrd.  LvfQ  cb^t  amuonl  «a«  of  great  aasiataace,  and  admitted  of  the  ssinnifi- 
tion  ihjt  aaTiilil  aT>  prop  rial  iuna  would  follow  is  roaise. 

T'li!  )>rere>!riit  ■•■  niakini;  (.'oiigre^ioDal  appropriations  in  support  of  inlernitionil 
e\-b:iaz^  tim-  Win;:  eoiahli-lied,  approprintionH  were  thereitfter  made  yearly,  mid 
ID  proportion  awrw  acarif  nHniuennurate  with  the  groniug  demanda  of  the  service. 

AUboQ^h  thf  a<-l  pru\  iding  for  the  diitrihation  of  fifty  ropiee  of  nil  {hiveTnDienI 
pubiivatiuiM  wasapproTtslin  IWiT,  the  delay  previonsly  noted  prevented  their  ship- 
ment abruod  ODti!  l)*73,aincewhivh  time  rasea  have  lieon  forwarded  at  comparatively 
rreuUr  ioterrals  on  an  ;«Ter:ige  of  three  casea  each  year,  the  parliamentary  piiblici- 
tiuoa  fo^wanIl^•l  to  the  Smithaunian  Institation  iu  exchange  being  invariably  for  the 
Librar\  of  Congress. 

Salo^iurnt  coirferencesheldat  Bmagels  in  ISTT  and  1880,  and  again  in  1863,  teodeii 
to  uvrv  fully  l^riV^t  the  plan  inaugurateil  nt  the  Paris  rongress.  The  articles  of 
ajjrt^nieiit  adopt"!  at  the  conference  in  1N83  were  referre.1  by  the  Departnieut  of  SUt.. 
to  ihr  Smithsonian  Instilntiou  for  review,  and  on  March  15,  1886,  another  con  ferenw 
waH  calloil  at  Brussels.  »t  which  the  nrticles  were  sigueil  by  dnly  ap[ioiiited diplo- 
atic  ilelegates  and  laid  before  Congress,  with  the  reanit  that  the  agreement  was 
apttrovetl  and  Diaile  tlie  subject  of  ii  proclamation  hy  the  Trosident  .lauusry  1IJ,1S89. 
The  conntrie"  becoming  parties  to  this  agreement  were  Relgiuui,  Brasil,  Chile,  For- 
.,,„,,1   Persia,  Spain.  Switi^.rland.  and  the  Unite-l  States. 

The  second  agreement,  ndopto.1  by  the  same  convention  an.l  by  the  same  connttie^ 
with  the  exception  of  Swit;!erlund,  provided  for  the  immeiliate  tranamisaion  of  par- 
liamentary journnla  and  d.wnmenta  to  the  other  countries  signing  th«  agreement « 
t,.ey  wer.-  pnl.Eialied.      Uri.gnay  and  Tern  snhseiinently  became  parties  U> 
the  agreement,  making  a  total  of  ten  States  under  treaty  obligations  to  maialain 

*''^K'"r!tlt't™atTao  far  aa  this  country  was  concerned,  did  not  change  the  existing 
^rL^cof  the  exch,.nge  service  as  conducted  by  the  Smithsonian  Institntion  Th. 
pracwo.  _„^- ,i,,„  [„j.  the  immediate  cxcliaiige  of  parliamentary  jonmals,  has 

seoond  treaty,  I  ro  b        ^^^^  ^^  ^^  .^  Governmcut  throngh  lack  of  action  by 

!t.i«^S^.ynotplacingtbenecc«ar^docnmentaatthediaposaloftheevchange 
(  ongress.  nrsi,    y         i  ,  ^       ,i„aoci„I  aid  for  carrying  on  the  work;  nor,  >n 

bureau.  »"■' ;^^,^   ;'^:;  ,?;,„„,p,fe.l  «ith  by  any  of  the  contracting  Go  vemmen... 

ibit^i^ritSi-Vs^^^^^^ 

I    1.II    iid*eH-riilly  coiiil'H'f''''- 
"";*'"'  .  ,  „„.,i..^,.h»nKel'"rp«ii,arecu|.portwiMftpMtoftbe«dminiBti«. 

IM  I  run..  .■"!  11"^^  „„„„„,, i:nv,tnui.nl.,  "!■"•  talw«M.  Englmdrnd  Q.mW 

.i'l'w  ».«!«  -roil"!  .miigtmol"  I""'  1"««  "">•  (or  "■•rak"!'!"  •'!"'■ 

["'l^'^Hl.'r.Utio.^.  b.™  W  «UM.M  ,10,   iUHV^U  rtTllM 
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BAtioni,  the  qaantity  of  poblicationH  received  has  net,  with  the  pooaible  exception 
of  England,  compared  favoTablf  with  the  quantity  nent.  This  inequality  may  per- 
baps  be  explained  by  the  fact  that  no  conntry  piibllaheB  as  liberally  aa  the  United 
Btatea,  and  hence  has  fewer  duplicate  copies  to  ofier  in  eKcfaange. 

During  the  past  ten  years  an  OTerage of  aiiout  tbirty-five  boxes  of  oRiclal  publioft- 
tioDB  of  the  Uuited  States  (iovernmeut  have  been  forwarded  to  each  of  forty-three 
EOnntries,  the  total  annibeT  of  poblicationa  thus  sent  being  227,400,  or  an  avera(;e  of 
5,300to  tmch  Government,  while  it  is  estimated  that  but  43,169  packages  have  been 
received  from  all  foreign  ooautrieo  for  the  Library  of  CougreM  iluring  the  same 

It  ii  hardly  equitable  to  oae  the  above  fignres  In  eompariaon,  as  the  oatgoing  pub- 
ticitioiie  are  of  actnal  record,  while  exchanges  from  foreign  cooutries  arc  often 
received  in  packages  rontaining  several  pamphlets  or  vuliunea,  and  the  actual  num- 
ber of  publications  can  not  l>e  ascertained,  aa  the  packages  are  not  opened  in  the 
exchange  barean,  and,  fartbormore,  owing  to  tbe  iTOwiled  condition  of  the  rooms 
occupied  by  the  Library  of  Congress  the  boxes  fur  seviTal  years  arriving  intact  have 
not  been  openwl  for  inspection  and  classification  jieniling  the  removal  of  the  Library 
toils  new  building. 

Aa  before  mentione<l,  the  entire  expense  of  supporting  the  Smithsonian  exchange 
•ert-ice  was  borne  by  the  Smithsonian  fund  from  1H4G  to  18^1.  The  cost  of  the 
service  for  tbe  five  years  from  ISM  to  18G0,  iuclunive,  was  41,603.  The  next  year, 
1£1,  tbe  expense  was  materially  increased,  being  ^,010.49.  In  1N66  it  had  risen  to 
M,870.T2,  and  in  1K76  to  $10,199,10.  Ky  the  assisUnce  from  Congress  in  appropri- 
ating (3,000  in  aid  of  the  exchange  service  in  18R1,  the  expense  to  the  Inatitntion  was 
ndnced  to  r7,467.S4  for  that  year. 

Although  f>ee  freight  had  been  K^anleil  by  many  transportation  companies,  both 
»t  home  and  abroad,  and  dntiea  hnd  l>eeu  remitted  everywhere,  and  although  learned 
societies  throughout  the  world  hod  cooperated  with  the  Institution  to  a  marked 
il^ree,  the  exponee  to  the  Institution  to  ISSl  had  aggr<!|>ated4I41,30S.96. 

The  National  Government,  altliongli  increasing  its  appropriations  from  time  to 
time,  has  not  entirely  supported  the  exchange  biiroan,  even  in  later  yearn.  During 
tbe  period  that  Congressional  appropriations  h»vf  b<«ii  HfTectivc  the  l^mitbsonian 
boa  been  compelled  to  advance  from  its  limited  income  an  aggregate  of  $45.175.>(2 
far  the  transportation  of  Government  documents,  which  amonnt  has  not  been 
nfouded  by  Congress. 

Tbe  rnlu  under  which  the  exchange  bureau  is  condncted  provide,  in  additiou  to 
the  distribution  of  official  publications  of  tbi»  Government  to  State  libraries  of 
foreign  coantrics,  for  the  forwarding  of  publications  of  literary  nnd  scicnttflo  socie- 
ties and  individnalsHSdoiiatioaB  to  corrfspoudontK  in  foreign  countries  and  intended 
•s exchangee,  for  which  llkecontributiuns  arc  expected  in  return. 

No  roimbursemeut  is  exiicted  Jt'om  scientihc  nocieties,  institutions  of  learning,  or 
individuals  when  their  contributions  for  foreign  distribution  are  delivered  at  the 
Institution,  domestic  charges  prepaid.  In  onler  to  prevent  an  overtaxation  upon  tbe 
rtoonrcee  of  the  Institntioii,  its  Regents  in  1S7S  authorized  a  rbargo  to  the  bureaus 
of  the  National  Government  and  to  State  institutions  of  a  purt  of  tbe  ex|>cnse 
incurred,  both  on  incoming  and  outgoing  exchanges,  and  the  iinifomi  rate  In  sncb 
instaneea  of  5  cents  per  pound  weight  was  adopte<l  and  hasHJurn  been  umintnined. 

Packages  when  delivered  to  duly  authorised  foreign  agetitn  for  transmission  to 
the  United  States  are  also  fotwarde<l  without  any  expeuNr  to  the  contributor,  and 
upon  arrival  at  the  Institution  are  entered  and  forwardrd  to  destination  by  regis- 
tered mail  under  frank.  Tbe  franking  privilege  Is  not  only  employed  in  tbe  United 
Btates,  but  also  in  sending  packages  to  Canada  and  Mexico. 

Tbeabove  is  in  brief  an  explanation  of  the  method  employed  in  tbe  transmission 
of  exchanges  between  the  United  States  and  foreign  countrins.  The  procedure 
which  should  be  invariably  pursued  by  contributorH  is  more  particularly  illustrated 
In  tbe  following: 

Package*  should  be  envelopeil  in  ntont  paper  and  Hccnred  with  iitrong  twine,  earb 


ef*  KCFOBT   OP   THE   SECRETAJtT. 

p*rljbr-  tiM  ritr^.:^g  rec-half  nf  «ae  cshic  Cm*  >b  bvik:  tfaej  aboiild  beaddiMsad 
jeci '  -t  ■£<  >■•  f=Ilj  >«  ^oa':'  >  vnksbt  Kn>i  abdiwialMas.  utd  if  an  acknowledg- 
M»=i  >?>%;:. n^  >  S^Ack  rmipt  >kaoU  W  inriatJ.  What  &  cooaigiuneDt  is  CMD- 
p'.'tr  1..  ^d'kurn  ti^' ::^  '"«  :='dH^  m  bwlcs  sad  Awvudoil  bj  (rtlight  tO  tht 
^cc.:^«~>a  Zk*!.':;  c  rarrT-ifF  pnfrp.iul_  BcwndelirrHoj;  rauigiuneDta  to  tnuw- 
ptfctan-'c  ■-«L,T>i~  3M>  '.Si  of  I  I  mil  f  iilifma  ■  niiii«|n»>iliiij.  to  those  on  packagn 
»1  -^'ri  'v  >wvarl'^  ^  T  =A'.  vr  ibe  '"r  iihiiniiii  Ivtiiotiaa,  or  to  the  forei(!ndU- 
tr.  -  :\.z,e  L:r<^i  •f  tiv  ;:>t.:a;.-'^„  anmrdia;  a*  ike  ttamartifw  m*;  be  of  domctUe 
•«  fdit>..n  tr.r.s.  T^>  pram^arr  boi  fie:T  aema  as  ■  f  iim  for  Terifj-ing  feSt 
f>»'  kw  o^'S  n>r.it^  k£id  verities  -hie  lo^ctaCHB  lo  liBr«  ransipunmtB  if  not 
^'..ivrvd  afMT  *  r«*9ec^'-i«  !.::«    La»  tlafij.  tMt  femnt  k  pmnanetit  iwxird  for 

V-r-a  '-»  rc».T>i»ilt*  lBS.;:i-;i*>o«:  kM«si£9B^t  ibr  cntiivtimiiBkrtioTt  ispreti 
aa  .::T':-ir  ;:=-««.  wv.<£  wtto  >s  •  haa.s  (••!  all  oitriea  Bade  in  conneetiuD  vi& 
it»  <h»::~~  11  c  k^l  «^-=  d'':;::.^  iB*ii:Bii"C«  or  iailiTiilaaU  to  whom  package!  •» 
aiiaiTvwwa'.  UiT  iTTyasT*  -^  -->£  :=>  •'..«  e-.b'**  »  awiL  llmcbj  aroiding  the  nec«siitj 
•I  irr:  -r  5  !-■  i  *:!*■  r-:  it*  rt-<;«t  "i  i-jrk  ranL  AAer  ali  «iiTta>  an  made  tbe  booki 
are  jiififti  r,  1»\*-  ai.:  »pf  forvardM'.  br  firicbt  to  *h»  aeeotii  of  the  iDstitotion 
aSttUiJ  «■  I » ti-  d  *c,>-3t.*  •  'i-rra::*  .i.  I'-KM^n  roiutnea  that  haT«  be<-n  ileai^alcd 
l<ta-l  iE  •■  '■ :.  !±r.>-- -.1^ .  Izeai-t  iu>-ka.:earere:p(  rani  UiBBcned  bearing  the  in toiM 
nB;s>*r  ass.^Tiod  iv  <'^>-i  ;>art:'':lai  <»9tr;'j!ilioa.  and  whm,  aa  is  olteo  the  raae, 
mri  K-jtl -.:;.:  ->  -..'.• -x'.  v<:;~'-=n-?o-arr&<«ra!>itd  in  ooe  package  heari  ng  a  single  addretii, 
ih'  c^r.  swTTi'^  ScAr'  i.'.'.  Itf  :£>oii-*  asnit-TTS  of  tkr  roDtcni"  of  that  package.  It 
i^  f(  ihr  :: — >-t  :::  ■.vnastv-  list  Ihtar  eard»  skoald  be  leceipted  and  retnnied  to  th« 
lr.>i:l=;:-£  «  .lh.v:l  «!*;»!  a-  n  ..;♦=»»  of  praprr  d»liT««y,  and  as  each  acknowledg- 
tri-r-i  ::( :i.>m:.  j  ll^:;-*^  fA:!=rr  ic  \^i*  regard  maj  give  rise  to  a  donbt  of  deliver; 
»:>!  si:  Vf*   "'r.!  pArk^  ~r»  Kii  W  rrlcraeii  to  the  nmCribatora  as  Dndeliverable. 

ra--).ai:t»  TT-.'<e.^<«:  ir.--Ts  *t>r'\jd  f-t  i^utribdiian  in  the  united  State*  are  treated 
in  ihe  «4i^'<  >ri'-(i.  a^d  »:s:-.^ar  rrry-ipls  aiv  incloerd  in  parcels,  which  arc  retama- 
b>  ti>  liip  ^K>l:i=l:.K-.  BTairr  fra:.L.  TiMxr  cauls  are.  for  tlie  porpoae  of  preTeoting 
rTiiil''usi>>a.  I'V  »  rv-'.-x:  r:-.'.,Ve  t&ww  f<iu«ardc>l  with  paekagBS  for  foreign  distributiOD. 

I^II^  hani'<  :in,'i.>,  '!.»t;T;K*r;«.  aTid  Dstnra]  bi»torx  BpHimens  i  whpiber  purchased 
nr  )<TwtM<^'.    arf  r.>>T  K>*-j>;ni  f--r  tranHi'iwJi-a  br  the  Institatian  or  its  agmU  with- 
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Sib:  I  have  the  honor  to  submit  the  folloning  report  of  the  operBtioua  of  tha 
NatiuDiil  Zoological  Park  for  the  tJactil  year  ending  .luiie  3U,  1K!K>: 

Coiuiiderable  att«Dtioii  iiaa  btcu  paid  duriug  tbe  yi-ar  to  the  improvement  uf  the 
gronndfl  and  th«  oontttruotion  uf  ruodi  authorized  bj'  Coiif^exa.  The  principal  road 
of  tbe  park,  nhich  rnus  from  the  Qnirrf  road  westward  to  Coanectiout  iivHoue 
eiteDded,  has  been  improved  over  a  part  of  ita  (-oiine  by  a  good  layer  of  macodani. 
It  wonld  have  been  nell  to  have  completed  the  macadam iziOKi  ''"t  tlie  funds  at  tbe 
diipoaal  of  the  park  did  not  permit  tbia,  ami  it  wi]I  lie  deferred  until  next  year. 
Work  has  been  continncd  upon  the  driveway  that  proceedH  from  the  Woudley  road 
mlp  the  park,  it  will  be  remembered  that  the  Woodley  toad  Ilea  so  far  above  tbe 
level  of  the  park  that  tha  oonitruction  of  this  driveway  made  iitceesaiy  a  heavy 
Hlling  of  earth.  This  in  very  unsightly,  as  tbe  slopeH  are  ubmpt  and  ditficalt  to 
modify  by  planting.  If  it  Is  to  remain  where  it  now  is,  a  guHivieut  smoiiut  of  earth 
riioald  be  added  to  make  the  sloped  easy  and  natural.  The  amount  ap[iropriated 
«M  insafficient  to  complete  the  Gil  so  as  to  make  au  easy  grwle  and  ueither  raai- 
*dam  DOT  gutters  have  beeu  provided,  so  that  the  road  wiishai  badly  during  the 
winter  ■tonns  and  is  impracticable  for  pleasure  ilriving  during  wet  and  freezing 
weather.     It  is,  however,  paasable  from  the  Woodlej  Bridgit  aH  far  aa  Kock  Creek. 

It  bas  been  decided  to  restore  the  old  Adama  Hill  rood  upon  practically  its  former 
line.  The  configuration  of  tbe  ground  forbids  making  this  the  ordinary  width  of 
the  roads  of  the  park,  the  hillside  oti  which  it  is  built  being  quite  steep  at  certiiin 
plaoea,  hot  a  satisfactory  driveway  cau  be  coustrncted.  The  survey  of  this  work 
was  completed  and  a  contract  for  it  prepared  before  the  tlose  of  the  fiscal  year. 
The  road  will  be  well  macadamized,  with  a  top  dreaHing  uf  pulverized  limestone. 
Retaining  walls  will  be  buUt  where  neoessury,  and  the  whole  will  be  properly  gut- 
tered and  protected. 

A  number  of  interesting  features  have  been  added  to  tbe  park,  either  for  the  pur- 
pose of  beantifying  it  or  fur  the  convenience  and  accommodation  of  the  animals. 
Two  small  fish  ponds  have  been  built  near  the  Qaarry  road  entrance,  the  banki>  in 
the  neighborhood  of  the  seal  pond  have  been  dressed  and  planted,  and  the  di^brls 
from  the  intercepting  sewer  has  been  remored. 

The  accompanying  illnstrations  show  what  has  been  done  in  preserving  the  native 
beauty  uf  the  Park.  The  first  of  these  shows  a  rustic  bridge  fonuod  of  bowlders 
thrown  across  a  little  chaam  cut  out  by  a  small  streum  tliat  falls  inti>  Roi'k  Creek. 
This  has  taken  the  place  of  an  nnsightlj  wuoden  bridge.  Another  ]>icture  shows 
where  a  small  artificial  pood  for  waterfowl  emjities  into  Rock  Creek.  The  great 
advantage  of  such  treatment  is  in  the  fact  that  it  harmonizes  with  the  surround- 
ing scenery,  and  the  visitor  need  not  realize  that  any  interference  with  the  natural 
ftatores  has  ocourred,  while  tbe  surface  after  treatment  presents  a  striking  contrast 
with  the  raw  and  denuded  condition  of  those  looalities  where  ungineering  work  haa 
been  carried  on  witbont  regard  to'final  effect. 

The  principal  aDimal  house  has  been  greatly  improved  by  the  construction  of  com- 
modious exterior  cages  into  which  the  animals  can  pass  whenever  tbe  weather  is 


09    ■ 

MriUhl*.  WmU*  m  ynyrldnl  ftir  «arb  if  dun.  ad  diwla  iZMa.  wiBljIf  pM*ff< 
hiVT*  bMnt  [>laNl"i  >n  Uab.  «»  dux  ^e  ■  bKUnrvi  due  duty  <*iIL  add  giMSl;  U  the 
ivrmtmt  '4  Uf  snimaU.  AwiOtKr  i^ry  anpiraas  impmrBDiaiic  in  diia  b 
f>f*n  ^ff^flM  k.7  rnpA.nn^  sbk  f««^  if  llut  » 

tiiit  twt  l>r  nriT  fiHUkni  «  utrk'faeMrr  itouliiw  hruniliK  iniTniilii,  jad.  it 
((('•'tMri'i'm  mi«;  at  no  (tutattt  day  be  r  bails  at  mmob.  w  wgq  c^ziapaBtf  wilk  the 
f'-i(ii«lli'lf>r  lit  III*  h'xiiMi, 
I'nrliMfr*  llif  immt  nrgunt  Mnd  of  tW  psfc  at  th*  pcamis  Eiia*  U  A*  anctiiiB  of 

IftilMliiH*  III  which  all imal'  r«iain»c  Tan«t  ca*dii 
U<-»l«il,  Al  iimwiil  tli«r«  are  ptarticsll;  bat  l«< 
ltlillii»l»  lliiil  Ilu>  (iiil  (rf  (lo»r*  dnnoK  tbc  eatin  i 
f-xiidlri'  lii'iil  Init  arn  iililn  tn  eriilnre  connidcraUc  d 
nil  (It'll  Ixliiii  riif  Biiliiial*  thai  live  ir>  d<i«e  tropical  e 
IIIUi>. 

Illfili  mill  iiiiiiikii.vH  ami  iilbor  animals  fniiii  tbe 

HiKi Iliiil  i>k|>lil  nlialiKi'i  vtiry  unfavorable,'    Boai 

|ih<ti>'i  iill"iil>i>ii  Iti  (he  iiiiLiiml  hiibit«an<lidiM]rii( 
hi'|>l  |iiiiiii<i<i'n<iniil\  tvltliliiniiliiuleiiiclciaiire.  Timi 
III  It  Initial'  xllli  liiiHi>  I'ltriilviiriiiiii  bfliMta.  The  nig 
mill  Hill  i-ilii"  111  I'liiiiliirrH  wliiiiii  tlivy  inBtincUvely  i 

■ II <•  iii1l'i<l<  lliniii  mi  lliiil.  they  ille  t'rum  (t\g\ 

mill  lihila  niiil  II  iii'W  i'li'|iliiiiil  iiiitiiti  un>  greatly  uei^«d. 

liiii  i|ii>iili>ia  Itii  ttiiiil.r  Hiiliiiiiln  itro  uot  in  every  respect  what  tbey  afaonld  be. 
I'lii.  |i|iii>'l|iitl  ili'lVi'l  <<■  III  till'  iHMtr  .vanle  nuilili'ns  in  tbe  abandooed  quatry,  near  tbe 
liMlii  iiiiti'iiii'i'  l>i  lliv  I'liik.  Tliiwi  iirti  ttHi  (lamp  iu  w[Qt«r  aod  too  hot  fn  aiuiiiDer  fur 
tlii>  tii'iillli  i>l  tlii>  niiliiKiN.  niid  itii>  tvatly  iiiiiiiitablu  for  them.  One  of  th«  cages  liM 
tii'v  .11X1'  .UU.I.IIMX.  Ii<'>'4t)iiu'  .11'  Mil'  fallinK  iuto  it  of  large  laaeeee  of  rook.  \Vhi)e 
llii't  <i>v  |>i>tiii>'viii>>  <tml  iilrtltlit|[.  iiiui'b  better  quarters  could  be  deviaed  for 
(!»'  -iMuiiih  i»  i.iIk'i  y*\ym  \i(  l)ii>  ]>Avk.  I'poii  some  lieavily  wooded  uid  cool 
-ti>i'i>  iM  i»i  I. 'Kill-  .<*  I'iMiiti.l.-i alilo  iiiro  oo»ld  bo  modp,  so  tbat  they  ooold  be  con- 
'1  iMitv  Mi'Kii  il>>'  ts'tiiivil  £i><ii«.l.  Ot,v  slti'llors  Fould  bu  provided  either  in  holleir 
ti ,.  >  ,<t  l>i  »i  M-to't  <'iv\  '•-.»  <%('  rivk*.  lu  unrh  a  yard  n  considerable  niunber  of 
t  i<  >  ,-''1,1  !■.  I'lx.'.l  ii»il.  I  •iMi><ii^.\t)ii  wrv  similar  to  tbiiee  of  their  ii»tiv«  wilds. 
\\  .11,  11  >!'<  A.  "  ii>  *i '.1-T  ti^-nf  *n::i>aN  thai  werv  properly  tanied  l>efore  being 
\i\     .1  Ml  iK    .  ■   ',.(  ■>.  >v.\  u>>.-'„|  rr\<<«- Sa\Tany  f(«rof  thepttbiicaadwonldfonn 

*  ■>    *  .  1  .,>..  .y  .   -.s--    -.V 'v-iyr  »>;*»  at  pr^BMt.    As  the  aDunaJa  destroy 

1 1     \  .  >     ..  'V    ..  «    1  -  ,«.,  1    1-,-  -  -i.,,,'.vj,>  *t<>in  prewot  »T*ry  bare  aadfoilorn 
■1  ■     '         1  "■-•,»  ••M-.'.'si  V»  kaT-.nj;  two  iwla  of  paddocks,  one 

''>■''  >•■    »  1   1.  ,  1 ,  -^  t><  1.  IK.  Vir.f  a:;.iw»il  \a  recover  &om  hard 

>     !■  ■  V     n.  .V    1.  V-     i>>.-v  •vii.V.  !»  kn>  dangvi  of  the  animals 

'  1  '      ■  '         ■■■•.  '^  ■  •  .'■"       "s.     '.ti  ^Kfvvt  b«l]  ot  the  herd  was 

'  ^      •■.'■'     .   ■•  V  ,.   A..    A.  rK  »".!.;«  MM*^  vho  dctenniiicd  to 

'1  1    .-..     V  V  v»   !iv    'v 'n.ii.:v  TrrivsiitJUM  (ram  getting 
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Ml«ct  them  from  a  siugle  fomilr,  aa  otherwise  they  fight  vlcionBly.  Four  bsavers 
died  iluring  th«  year  from  wouiidB  received  from  tlielr  compaoiuDB.  The  feuce  uf 
the  larger  ineloeare  iiiuBt  be  made  mach  stronger,  as  it  is  foand  that  they  giiaw 
throngh  An  ordinary  wire  mesli-work. 

There  are  ajiponiled  hereto  tables  showing  the  aiiimalB  in  the  colleotioo  at  the  cloae 
of  the  Asual  year,  and  the  varioua  acceaelons  daring  the  year.  ' 

Animalt  in  Ihe  coUtction  June  SO,  18911. 


Zebu  (Sru  iniKnu) 

ConunDn  (.iM  (PapmAfrcu) 

Cukmen  g«t  (Ca/vo  &iKW) 

AUFricaik  elk  [Ofrvut canadentit) ... 
Virginia  d««r  { Oariacut  virjKnianuf ) 

Uaie  iisctfCariaaittmaentii) 

Solid  lH>irfH|]iog(AiMciVa,Tar.ii>li<(iiTt^- 

PwATf  {^Kolybr  tfd^opf) ........... 

Llimi  ( JucAni  ts'jrtanui) 

Gunaea  M  tiek«>  ia  AuawHsi} 

Indludrphuit  (fkrAntinifinu) 

LisBlfWuke) 

1\tm{FtlUtigrUi 

i*aftli{FHUp»rdiu) 

*»!«  |/'([ii|Mntoli») 

'  Bbj  \jjxi  {Ljfia  TvftH) 

Spnlteil  lyDi  {Lfnx  rn/tumatUlaUu)... 

HpDU^fay<'iu<i/|rtnM>  erocuM) 

RbhUd  wolf  hnnnd 

Slaf  hmind  --. -..-.- 

St.  Bemud  clog. : 

PoliiWrdDg 

(Mlkdog 

Cbfupnake  Bar  dog 

E«kiMod«g 

BlKk  woinCanwtupiuifriWD'al&ui)  ... 

Cr|}al«(Can£([atraiu) 

KtilBiirulprt/tihui) 

Swift  roi(FUp**Klarl 

linj  IoI{Vlll|lttvirg^l^^an^lt) 

Tijn  inoIiftutarMra) 

Anmiean  badger  iTaxidai  amerieanat . . 
Kiak^u  iCmeUjilei  cawdivalwidia)  — 

Gnr  cntl-naiidi  (J^uuo  nariM) 

CKomlaUe  {HmmHi  uluta) 

R»erwra(/V«v"™'"'i"'l 

Blick  bear  { f7m>  anuHeantu) 

Griur^bHT  tUmu  herrilraU} 

.  l^Kiqne  moakey  iMaauut  cyntmflgu*} 


In  iCtlnuhjfjwUHcutt 


uDliiiuod. 
«  !  Kboauimonker  (IfaauurAou). 
3  t|  White.  lhT«(edca|>iiah 
5  '  Black  faced  splclermon 
2  I  Ovlmvnkvy  IXftrtipitknut  tr 

a  I    Albino  ml  (Mm  ra«iM) 

g      Amerlcau  b«Ter  ( Catlor  JOrtr) | 

2  !  Wuvdcbnck  Uretonyinwiiaz) 

I  I'nJTitiogiOynomyladomtianvtt 

1  ii  Red.b«lliedaqiilmil{$cJurufaurro!nuErr>. 

3  FoxsquiiTtl  {Seiunanifftr) .,,,.,.... 

8  I  GTaymaiinliaeiurtutaraUnmtit)  

1  I  CnMtedpDrcuplDO  IH^fttrix  erittatnj 

I  I  Cauiid»porcupiue(KiTMilo»dorni(i«> 

5  ii  WmI*™   poreapine    (ftVfMiion  donatw 


ll  CapyhanlBi/dretlMerHieapybara) 

I  CnaivH  »souti  [Datjfprottaerittata).^, 
j  Hairy-rum ped  Hgonll  tllatgyracla  pr] 

.  Heilcaii  agauli  (DatypriiBta  in 
Guinea  pig  (Coeiaportrliu*)... 
EDgUHhnbbit<i^cp<UEvn>cut>K 

.  PsbaannadUla  iTiKtuianoDnui 
Qray  kBnganiu(Jrib-r(i}iui<  np)-. 

Ii  CaiiimouopoMUmlOKlelj'AsiDi 


1  j   ODldeneagletAjtiiiaeAri/jflflM) 

U      Baid  Single  lllatite^tiu  Ifacvrrylialns).. 

a  I   R(<d'lslle<lba»k(Bi.lrDbcrenli.} 

S  ':  Krd-sbauldaml  liawU.  (Bulri)  liatalut) 

4  I'  Turkey vulturoiCnttarie. aura) 

ai   Great  bOTBLil  owl  (BuioriririofaniM). 
a  '  Barred  awKA'yrnJum  >i<«<itMu>ii) 


rl  (Mig. 


lollow 


cawU™ 


.  Grevn  parrakeot{Conurut  a 
Sulphnr-crpatnl  ciKV.»tool.Cacaltuigalerila} 
I.«»dbe«ter'n  cockatwj  ( Caealtm  Itadbtateri) 
Bareeyed  oi>okMt>o  ( OBwadHi  fvmMpii)  . . 
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XMDe. 

b™,. 

FsbtacdDC 

st.eb™»d 

Bed  (01 

Dr.  Pwreon.  TVMhlBgton,  D.  C 

An«iai>b^2« 

H.  T.M=G«.rg«.FortMjerHeJglil..'\'» 

Mn.  H.  U.  Friflald.  WuhlnKton.  D.  C 

John  H.BlHin,  Now  York,  N.T 

B     >™._I 

SgHd-hoofed  bog 

G«iJdTli.y«r,l>ubUii,N.H 

•"    ^ 

Do 

Udou 

Edir,a.Schmld,Wa.blDakiD.D.C 

Tiirtey  voltore 

"^ 

honed  owl 

Bund 

GnypuTot 

J.-W.BMtlay.AnK«tl.,D.C 

,; 

W.A.  Smith.  Whitney.  Poli,t,N.T 

WB.,PJmer.W»»hiBgloB,D.C 

All'nta 

)fn.W.E.  Pu-ker,  W»hInglon.D.C 

, 

Diunnd  nttkKtuike 

"^  "T^^ 

Bl      V          V 

J«.W.M»gwltr,Lewto.»Uk.V« - 

Vtlkuuk 

oy  Google 


Kihlmadoi '  UiHr  W.  Brou,  SattUe,  Vid 

ruhmiTs  fut '  C.O,ChaDaalt,K*wOTk*u,Lk. 

VlrglnUdnr '  W.  A. Smith.  VUtMTi  Point,  S.  Y 

r<<i  xiHlrnl j  C.  0.  CheMoit,  Sow  Orte«»,  I* 

I'>Ihi  aniiiillllo Sdw.  B.  Sdunld,  VMUoglOD,  D.  C 

dllUIWlMll" ' ^ 

lUlitxaiiln I  H.T.  L.Hojle.WMUagtoo.I>.C 

llnrinlDwl    B-J-Caan,  WHblnstoa,  D.C 

Bdw,&B«hmU,  Wuhlnftoii,D.C 

Hn.A.B.WIUI•ol^WMIllnstaIl,D.C... 

K.F.MoBlni;,  Wwhlnston,  D.C 

C.aClwnHilt.Ne«Otleua,  La 

Udd.  F.  T.  Dubol*.  BUekfoot,  Idal» 

C.  O.  CbaDBult,  Ksv  OricMU,  !>> 

Ed*.  S.  Srbmld,  VaililD(t«D.  D.  C 

W.  A.  Baltb.  WUtna)  •  Foist,  V.Y 

RtLP^Dis  WuhlnstoD,  1>.  C 


V.ll.>>*  Mill  bl<l<l  •><»■< 
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AN1KAL6  LKMT. 


Peln  armadUlo 

Golden  («gl« 

B»lde«gle 

Tallow  and  blue  iii»«ii 
YelloW'Dkpedatnuiin.. 

HongoUkD  pbewuit.  ■ . 

Oalnulowl 

WU  slUng  ■! 
AfHun 

King  an 


oatrlcb.. 


Bdw.S.Sahm<d.Wuhlni;U»,  1).  C 

Dr.  J.J.XInyaun,  D.S.  UuiiM  Hoapllal,  Watblngton, 

Edw.aSeliiiiid,  Wublugton,  D.C 

Hra.J.L.'Wagguiaii,  ITuIiiiighra.  D.  C 

UIaMV.Briui«,Saattle,  Wuh 

C.O.ChBiwalt,  NewOrleiD*,  La 

"ff.A.SinlUi,WTrftu«r»  Point,  IT.  T 

C.  O.  Chanaolt,  Nev  Orleaii*,  La 

Ed«.  &  Sohmid.  WaahiDgton,  D.C 


H.T,L.HojIb,  WasUsitoD,  D.C 

E.J.Coait,  WaahlDglon,  D.C 

Bdw.  a  Schmid,  Wuhlnfton,  D.  C 

Un.  A.  B.  WiUlami,  WaaUngtOD,  D.  C. . . 

K.  P.UoBlraf,  WaaMogton,  D.C 

C.O.ChenAiilt.Nev  Orleans,  La 

Hod.  F.  T.  Dnboii,  BlaekftxX,  U>1h> 

C.O.Cbenault,  New  Orleaoa.  La 

Bdw.B.SabiDld,  WathlDgloii,  D,  C 

W.A.SmiUi,  WUtoeys Point,  N,Y 

B-CPdne.  WubloglDD,  D.C 


ANIMALS  DECEIVED  IN  EXCHANGE. 


»^. 

FnHn. 

Sam- 

bH-of 

Diana         1< 

Edw.S.SchmJd.W«abinglon,  D.  C 

Rkhw 

nae 

«"""'** 

AninaU  bom  in  ihe  .National  Zoological  Park, 

LioQ  (Feliilw) 

Pnma  (_Felit  toncolor) , 

Spotted  lyni  (Lynx  rufiu  maculatiu) 

Bakimo  dog 

St.  Bemard  dog 

Raccoon  [Proegon  lotor) 

Amuricsn  elk  (Certtu  ecTiadtiiiii) 

Virginia  deer  (Cariaciu  virginianut) 

LlkDiB  (Auekeitia  ^lamii) 

Canada  poroapine  (_Er«thiton  dorlalui) . .............. 
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Gainek  pig  (Cavia pereella*) 6 

Eogliab  rabbit  (Ltput  ounleilvi) 7 

Gn;  kaoEUtio  iMacropu*  ap.) 2 

Earop«Mi  swan  (_Cj/fnK$  gtibM) 4 

Prairie  rsUleaoftka  (Crotalm  amfitimlit) 6 

jHtmoIa  eollacted  in  lite  F«IIoviIoh«  A'aJJonol  Park. 

Bald  eagU  (iTalHMKt*  ItHeoetpkalttt) 3 

Ked-Uiled  bawk  (SbIw  iorMlii) 2 

Ka^io  {Pica  pica  kudnottica) 10 

CUrka'a  natcr*cker  {Piaoonat  eotnmMiutU) 3 

SUMHABV  OF  ACCESeiONS. 

ADimals  preaeotad 130 

AnimaUlent 61 

*"■■"»<■  raceir«d  in  exchange 22 

Animals  bom  ia  the  Zoological  Park 68 

Ajmuala  racaived  &om  the  Yellowstone  National  Park m 

Total 289 

Namber  of  ■p«<iimeDa  on  band  Jane  30,  1896 530 

Aeceosions  during  the  year  ending  Jnno  30,  1896 289 

Total 809 

Dedoct— 

Deaths 200 

Animals  oacaped  or  liberated 13 

Animals  axcbanged 21 

Animals  retained  toownen 23 


Animals  on  hand  June  30,  1896 553 

BMpectfally  aubmitted, 

Fkank  Bakkr,  SuperinltitdeHt. 
Mr.  8.  P.  LiAKOLRY, 

StertttiTj  of  tke  Smithtoniait  /n«liliitioa. 
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Aptbkdix  T. 

REPOBT  OS   THE  WOEK  OF   THE   ASTROPHY8ICAL   OBSEEVATOEY   FOB 
THE  YEAE  ENDING  JUNE  30, 1886. 

8tB:  The  bolometric  inrMtigktion  of  the  infi^-red  solar  spectram  haa,  under  your 
general  directiao,  contioaed  to  l>e  tbe  main  feature  of  the  work  of  tbe  Obeerratory 
fbr  tbe  past  year.  Wbile  it  bas  been  foaad  necessary  to  postpone  a  final  acooant  of 
tbe  result  uf  this  Ion);  investigation,  jet  it  is  confldently  believed  tbat  soch  a  pub- 
lication can  be  made  before  many  months  more;  and  that  the  limit  of  aocnracy 
in  determining  the  position  of  absorption  lines,  which  waa  mentioned  in  tbe  report 
for  the  taat  year  as  the  aim  of  endearor,  will  be  reached  in  tbe  recnlta  abortly  to  be 
eommnnicated. 

Tbe  year's  proaecution  of  tbe  reaearoh  will,  for  conTenience,  be  discussed  nnder 
the  following  heads: 

A.  Measurement  and  elimination  of  "the  drift"'  and  other  sonrces  of  error 

in  tbe  apectrobolo-metrio  processes. 

B.  General  Hpectrobolograpbic  work. 

C.  Accessions  of  spparatoe. 

A.  HKaeURKMKNT  AND   EUMINATION  OF  SOURCKS  OP  ERKOR  IN  THK   SPKCTROBOLO- 
METRIC   PROCESSKS. 

Ae  detailed  in  tbe  leport  for  the  year  ending  Jane  30,  1685,  it  was  then  evident 
that  tbe  bolographic  curves  were  so  eucnmbered  with  minute  deflections  due  to  earth 
vibrstions  and  exiraneoua  electrical  and  magnetic  distarbancoH,  tbat  tbe  small  and, 
it  was  preeamed,  very  nomerous  deSectiona  corresponding  to  tiue  absorption  liaee 
were  greatly  obscnred.  One  of  the  taeans  prupoaed  for  eliminating  false  and 
retaining  true  lines  has  been  the  process  of  compoaile  photography.  The  method 
of  application  of  this  process  had  been  as  follows:  I.  All  the  deflections  in  a  series 
of  curves  of  a  greater  magnitude  than  a  certain  arbitrary  amoant  were  by  the 
"cylindric  process"  dran-nout  into  lines.  2.  The  reenltiug  "cyliudrics"  were  sbc- 
cesstvely  exposed  before  a  single  plate  to  give  a  oom|>asite. 

It  muHt  be  remarked  tbe  process  of  experiment  bas  shown  that  this  proeedare  is 
not  free  from  objection,     ^^'hile  it  is  onqnestionable  that  deflections  great  enongh  to 
be  surely  recognized  asgenuioe  will  be  broagbtout,  owing  to  the  greater  promioenoe 
given  them  in  "blocking  in"  tbe  cnrves  preparatory  to  making  the  " rylindrics," 
yet  many  of  tbe  geuniae  deflections  of  the  same  size  as  the  accidental  ones  (for  dis- 
tinguishing which  the  process  is  chiefly  useful)  may  possibly  be  eliminated;  for 
nwins  tn  tiis  voFioag  sources  of  error  in  the  bolometric  proeesses,  partionlarly  the 
accidental  deflections  over  the  true  ones,  to  the  personal  error  in 
to  the  errors  introduced  in  the  photographic  processes,  slight  lateral 
the  tme  lines  iu  the  »e|>arate  cyliudrics  will  -always  occur.     Tbua 
r  happen  that  in  tbe  tinal  composite  the  less  prominent  lines,  being 
iheir  position  to  an  amount  equal  to  their  own  width,  or  eTon  more, 
d.    Lines  coiTMponding  to  aocidenl^l  deflections  may,  on  the  other 
I,  since  tbeir  nnm)>eT  is  very  great  in  comparison  with  the  nnmber 
;>loyed  in  making  compoeites,  for  it  may  than  frequently  happen 


embered  tbat  "tbe  drift"  has  hitherto  been  a  principal  son 
TCMearches.  It  consists  Id  a  slow  progrewive  movement  « 
reat  variety  of  extraneous  oi 
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thftt  UuM  wfU  be  aafBcientlfcloMOOTTCapondaDce  between  BUob  falM  lines  in  all  the 
cjlindrica  employed,  so  that  they  will  appear  in  the  final  composite. 

Of  late  another  method  ot  combining  tlie  reenlta  to  be  derived  from  the  Bepaiate 
CDTTM  has  come  into  ue  at  the  obaervatoiy,  which  is  briefiy  u  follows ; 

1.  E«eh  of  the  several  observers  Independently  superposes  the  set  of  curves  under 
invMtigktioD,  and  from  the  general  appearsnoe  and  siie  of  the  defiectioue  selects 
Ihose  which  be  considers  to  probably  oorreepond  to  genuine  absorption  bands,  »Dd 
marks  them  relatively  to  their  Importance  auit  to  the  evidenoe  of  their  geunineDOBS. 

2.  He  then  meaanres  npon  the  eompArstor  the  positione  of  bis  selected  deflections 
on  each  carve  sepamtely  witboat  eight  of  tlie  otbers. 

3.  The  reenlts  thus  obt*ined  are  averaged,  throwing  ont  snch  defieetions  ae  appear 
from  the  divergence  of  the  meaenrements  to  be  accidental. 

1.  The  mean  resnlta  of  the  separate  observers  are  compared  and  iednce<l,  indicat- 
ing the  extent  to  which  theobeetvenagiee  with  regard  to  the  importance  and  verity 
of  the  diBTerentdeBectiona, 

In  view  of  the  limitations  of  the  composite  process,  it  is  proposed  that  it  be  kept 
sabordinate  to  that  just  described,  and  only  need  in  the  preparation  of  a  speotrnm 
map  in  which  the  exact  place  of  each  line  appearing  shall  be  independently  deter- 

The  mnltiplicity  and  iigarions  character  of  the  accidental  defleotions  continued 
painfully  evident  tbroaghonti  the  holographic  hnrvest  season  of  the  year  (the 
months  of  September,  October,  and  November).  Fine  days  were  also  freqiieutl;  lost 
after  cold  weather  ctune  on,  owing  to  the  rapid  "drift"  of  the  galvanometer  needle, 
Fsosed  by  the  cbaDging  temperature  conditions  incident  to  the  warming  of  the 
obeerratory. 

In  theee  cironmatances  the  work  of  taking  holographs  was  snspended  for  some 
moDtlu,  and  the  following  important  improvements  were,  after  many  experiments, 
adopted,  which  have  separately  and  In  concert  been  signally  successful  in  reducing 
these  sooreea  of  error: 

1.  In  ei  tension  of  the  principle  introdnoed  at  Allegheny,  a  battery  of  sixty  storage 
cells  connected  in  parallel  replaced  the  four  celta  formerly  employed,  and  effected 
great  reduction  of  small  accidental  deflections  of  the  galvanometer  needle. 

2.  A  specially  constructed  rheoe tat,  entirely  sarronnded  by  a  water  Jacket  and  pro- 
vided with  a  slide  wire  adjustment  operated  meohanioally  from  without,  replaced 
the  resistance  box  before  used  to  balance  the  bolometer  strips.  In  this  instrument 
onlyasinglepajrof  ooils  of  the  same  resistance  as  the  particular  bolometer  employed 
is  used.  The  number  of  contacts  between  dissimilar  metals  is  reduced  to  a  mini- 
mom,  and  all  are  kept  ttotn  flnctuntions  of  temperature  by  a  continuous  ourreut  of 
water. 

3.  The  galvanometer,  formerly  supported  upon  a  system  of  flat  stones  aud  rubber, 
has  been  suspended  by  three  wires  from  a  tripod,  after  the  mauner  of  Julius.'  This 
method  of  support  is  found  to  decidedly  reduce  the  vibrations  of  the  galvanometer 
needle  due  to  gronud  tremora. 

4.  The  double-walled  room  which  sarronnds  the  spectrometer  has  been  extended 
to  include  the  galvanometer  also;  and  thus  temperature  tluctuatione  about  the  gal- 
vsuometer  control  magnets  have  been  reduced,  to  the  great  diminution  of  the 
"drift." 

a.  The  whole  observatory  has  been  equipped  with  an  automatic  system  of  temper- 
atnre  regnlation,  and  the  heat  is  supplied  both  night  and  day  from  steam  boilers  in 
the  basement  of  the  Smithsonian  main  building.  So  successful  has  this  system 
proved  that  during  the  cold  months  the  whole  fluctuations  of  temperature  within 
tbe  spectrometer  room  are  reduced  to  little  more  than  a  tenth  of  a  degree. 

5.  A  new  galvanometer  needle  baa  been  constructed  with  a  considerably  higher 
degree  of  aetaticism  and  somewhat  greater  Bensitiveness  than  tbe  one  before  in  use. 

As  the  result  of  the  improvements  mentioned  above,  the  "drift,"  heretofore  so 

>  Wiedemann's  Anoalen,  S6,  151. 


'.''iitM  <>i>MT^^  a-^oi^  >a  -UH  C':l7  tan  i^Ur  oofiMSMBF  n 
- «*«<  i,.  ii«  r™«-t  tb«:  Duiite  Tnnr  ianrarsiw.  rf  Jl»ct.  WSfi.  it  hu  l*en  tho 
■L''U'.u  'K  )>rK-:i'<<  II  niM.4  »  KtiRn  m«rc  n]-<^.  viiu  baIvu  bllmgaB  tfce  liokm- 

«■».<  l.«w  )«v.fc  Li^  -urt.  ™™r*»»«w  •nrwMBkl^T  c^ra  i>  fann  jean,  ud 
•  ■^*.i.'.i.'-«.  !i  ii«  rciKv^  iiT  ti*  ir-n  Ww  rf  laiatcn^uk^  S* ■My li*ve  tbi« 
...-U  •<«*-.  iki-^  M-v^n.  ILk-.  Mnwnni  iLiuckc:u£  M  iMclndr  tben  ■■  tbe  ooaDt, 
>^^.  tL"-j  «j*  w>.i«rt.ir:Te5i:j*-:;»rr>>r«eii  im  ti»i«Vie*4'f^*«e'N*'B'^''°  below, 
lu.-.  <f, .  J  i-^**  rurrv*  ■  %.:■  I  rpprtwBi  M^t  fMi  "f  1^  ■fiM**  ■»  U»w»  CTHinted 

Atirt  It*  ajii/r/^k  of  IM  wraXhrr  nBdnrd  it  tMpaaahk  lo  ceotinoe  nnifiMin 

ij •i'l'^t»t:t^  r.H.ii.tt/jiit.  tijr  vorkof  tikl££  b«:<«npb«  waa  again  disraBtinaod, and 
oiiri.iivr  <;'jai,iititiv<:  *i{wTiiiM^u  wtn  pmMated  to  detoniae  the  masnitade  of 
II.'!  \ii uii-^tiii-  tntiiT  »fi«ii.g  friim  the  nuBT  aoama  attt'iidaiit  upon  the  complicated 
U'Ajiuu-ii  „■  (,(,,.-^M,,  "11,^  tr^alu  of  thcar  ezprriniFnta  rarcmlnil  in  seTer*!  ioatanMa 
|fii:dUt  i-O'jr  than  w;iii  iiuiped-iHl,  and  led  to  impottant  chanfrM  in  the  ^iparatas 
*tiii  l>  HO'  iiiil  ut  Ilia  I'liwiof  tli«  pMiod  eoTered  bj  thia  rqmrt  entirely  completed. 

A4«'a(i.;(l  m-fiiiiiil  of  iIib  uii:tbud-<  employed  id  determining  the  rariona  sonrces  of 
tHiii  iiiiiiit.  (w  |)in>[|ifii>n'l  till  tbK  a|ipearanee  of  the  forthooming  pablicatioD  ;  bnt  it 
will  lr>^  |>ii.t«ii  li,  [|,|.  pia^n  logivoa  brief  Bammary  of  the  iDvestigationB. 

l.'iViiiK  ili.wii  lu  til  tli«  ri')iort  for  laiit  year  ending  June  30,  18M,  (ui  accuracy  of 
mill  luiiili  iiiillliiinlnr  III  (iiMltliiii  at  a  dellectiuD  npon  the  bolographic  curve  (cone- 
")».i.illi.H  iiiKliir  tliH  MiiiVHi.tloii  nf  ipeoilB  adopted  lo  aiz-tentba  second  of  arc  in 
Mi<>*|i.riMi  mil,  or  li>  llirnn-lniilli.1  ammiil  of  arc  on  the  circle)  as  the  limit  of  aecnr»oy 
I  "•ii..il  III  lliiHIiiiil  riwMlU,  llilnamoiititof  error  will  be  treated  as  in  a  sense  the  noit 
"'  ""■ (I.ixll. I,,),, 

I,  louri-'t  ^r  trivr  in  the  epHMl  appamim. 

'■  *l'l"" 'ilU|i|...'t.iH r  tbe.lli 

M    MimiBiiUi  V ,  tTi.iii  iti  .1111x1  li'omuni  and  IVom  air  carrenta  of  different  denaity 

l'l.l.|.i....l.l..i.U  i».w  imullulliU.  H.  A  Mwnlt  of  reoent  Improvements. 
■  ifiUiilu-,  lt>i>ii  Ixiiitu'itliiio  nixl  <.|h«r  rhaiigea  in  the  supports  of  optical 

I'l.wicl  l.\  11.1.  ...(...il  »llii.|>.i.(«|. 
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J.  iBiiwrfect  •4i*u^<><^t  of  tlie  priHD -minor  cttmbinatioii  fbr  mininiiiin  deTuitloB — 

Erw«  from  this  cMiae  proved  lu^ligible  aiidoi'themwninptionorp«rallelnk7». 

Aa  Btepa  are  now  being  taken  to  introdnce  a  sjatem  of  Follimation  for  the 

beam  with  a  view  to  improTe  the  definition  of  the  optical  ■jatem,  farther 

dlacnaaioti  for  a  diTeijcent  beam  is  imiirirfawTj 

3.  Changes  in  the  teoiperabiie  of  the  priam — 

No  new  data  on  the  change  of  deviation  with  tho  temperatare  have  been 
obtained,  bnt  Tvferriog  to  thoee  of  a  pnliminary  nature  oontaiued  in  joor 
paper  on  the  "Temperatore  of  tho  Moou,">  it  is  believHl  that  errora  from 
thia  aoaree  in  cnrrss  taken  under  usual  conditionn  will  not  exceed  2  seooiids 
of  an  arc  in  deviation.     With  the  attainment  uf  accntate  data  auoh  errors 


II.  3oan«t  a/error  wUeh  imtroduee  aeeide»lal  dtJIrctioMt  ia  Uu  rtmnl  cmrrM. 

1.  Distorbauccfl   primatil;  affecting  the  galvanometer  needle  including  (a)  earth 

tremors;  (b)  magnetle  distarbBoeee. 

2.  Disturbances  secondarily  affecting  the  galTanoraeter  needle  tbroagh  the  bolome- 

ter eircDit  incladiog  (a)  tboee  causing  "drift;"  (b)  those  causing  "Sutter" 
in  the  records. 
The  whole  effect  of  these  fonr  classes  of  distarbancM  as  shown  b;  the  record 
cnrres  already  mentioned  will  be,  under  usually  good  couditioDS,  to  displace 
true  deflections  on  an  average  about  one-tenth  millimeter  on  the  plate.  All 
troe  deflections  of  a  magnitude  not  greater  than  two-tenths  millimeter  are 
lost  among  the  false  onea. 

III.  SoMrett  «tf  trr«r /Torn  iatprr/eel  m«fkani*mi. 

1.  Imgularities  in  the  motion  of  the  plate. 

Errors  from  this  aoame  negligible. 

2.  Irregularitiea  in  the  motion  of  the  circle. 

Enoia  now  occMionally  as  great  as  3  aeconds  of  are;  but  step*  being  now 
taken  which  promise  to  lednoe  these  IrreguIaritiM  to  a  maguitade  of  live- 
tenths  second. 

3.  DiOiculty  in  correctly  determining  the  ratio  of  plate  and  circle  motions. 

A  more  aecnrato  method  of  determination  now  projected  will  imilonbtedly 
give  sufficient  accnracy. 

IV.  Sourae*  of  trror  in  preparing  oj/linilrict. 

1.  Personal  error  in  "blocking  In." 

Experinienta  show  that  the  mean  displaeeraenta  of  lines  from  this  caase  vary 
with  three  persons  from  O.lfi  to  0.32  millimeter. 
3.  Imperfeet  atljaBtments  of  camera. 

As  a  reanlt  of  recent  changes  the  error  from  this  oanse  will  not  exoeed  one- 
tenth  millimeter  in  the  length  of  a  20-oeDtimeter  plate,  and  is  within  certain 
limits  proportional  to  the  length  of  the  plate  employed. 

v.  Error*  (a  eofuparator  ntatnrement*. 
L  Personal  error  In  the  determination  of  a  minlmam  npou  the  curves. 

Eiperiments  show  that  tbeaveroge  deviations  of  the  mean  of  two  observations 
by  one  observer  ttom  the  mean  result  of  six  observations  ou  the  same  cnrve 
by  three  observers  varies  with  diOereot  persona  from  0.022  to  0.016  millimeter. 

2,  Errors  peculiar  to  the  comparator. 

A  new  comparator  is  projected  for  nse  iu  the  observatory  in  which  it  Is 
believed  these  errors  will  be  negligible. 

'S.  P.  Langley,  "Temperature  of  the  Mood."    Memoirs  of  the  National  Acsdemy 
of  Science,  Volume  IV,  9,  Appendix  3. 
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VI.  Soareet  0/ error  inhtrenl  la  U*  MowtelrU  mttlicd. 

1.  From  tardy  action  of  the  KalTaDometer,  due  to  electrostatic  caoBos,  damping  of 

tb«  needle,  etc.,  caDsing  diBplaoemeot  of  deSectiona. 
Msj  bo  elimiDoted  b;  reveniag  the  direction  of  notion  of  the  circle  between 

different  rnna,  as  haa  already  been  pointed  ont,  and  heretofore  practiced. 
Aa  a  general  summing  np  of  these  investigations  it  may  be  amid  that  if  the  itopa 
now  being  tiiken  ore  auoceBaful  in  their  outcome,  it  will  be  pouible  to  determine  the 
dllTecenoeof  deviation  between  the  lines  appearing  on  the  bolographs  and  the  A  linr 
in  the  visible  spectrum,  with  an  error  not  exceediag  1  second  of  arc. 

The  unniber  of  lines  wbioh  may  be  theoretically  discriminated  with  the  proceiw 
and  apparatas  employed  is  very  large.  With  a  perfect  prism  of  the  size  nsed, 
and  a  golvaaonieter  of  somowhatgreatereensitiveness,  more  than  a  thoosand  might, 
if  they  exist,  be  discovered  within  the  region  in  which  we  are  now  woTldng.  Bat 
this  supposes  all  minor  tremors  in  the  holographic  curves  to  he  eliminated,  and  it  is 
certain  that  this  has  not  yet  been  done,  and  that  very  many  of  the  lines  shown  in 
maps  exhibited  in  illustration  of  the  process  will  prove  to  have  been  dne  to  sncb 
oanses.  The  chief  aim  at  tbe  present  stage  of  the  investigation  is  to  give  a  number 
of  lines  with  their  positions  in  the  spectrum  of  a  60°  rock  salt  prism,  which  may  ha 
legnrded  es  "  standards, "  and  as  Laany  more  a»  may  be  considered  to  have  beeo 
veriliod  beyond  reasonable  doubt.  Of  these  it  is  believed  that  at  least  SCO  can  be 
presented  in  the  forthcoming  publication. 


B.  Gri 


L  Spkctboboloobaphic  Woiut. 


In  tlie  following  table  is  given  tbe  number  of  photographs  of  varions  kinds  taken 
lit  Ihi>  (iliMTvatory  during  the  year,  not  inolndiog  instmrnental  records  taken  to  show 
llic  itiHgultude  of  tbe  acoidental  galiauonieterdefleotiona: 
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oil  ouvvna  of  April.  1894,  and  March,  189C,  have  been 
>i>  ninuiter  aln>aily  described,  and  tbe  resnlts  bsve 
i-iiiMM>  iii(>iMnrv4l  were  taken  with  coarse  bolometer 
Iliii'V  IliiM  w(<n<  thua  eliminated.  About  80  promi- 
HiU"l  til  pni'h  i>f  Iho  sets  of  curves  measured. 
.1  III  t1>i»><  ii>|>iitl.'>  lliut  tbe  most  satisfactory  results 
I-  iiuMfiit  l>^^'ll|ll<^  by  the  observatory  within  the 
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city,  Bnbject  to  bU  sorts  of  gronnd  Mid  electric  tremora,  Trfaen  the  eliminatlou  of 
th«u  truDora  is  so  vitall;  uecessftry  to  enceeu.  While  the  effects,  dne  to  ribration, 
have  been  greatly  rednced  by  means  already  alluded  to,  j-et  they  still  exist.  It  may 
be  JncldMitallf  observed  thatezperiment  has  shown  that  tbeee  small  ground  tremoca 
ue  only  atmnt  one-third  as  great  at  night  as  in  the  day,  a  condition  owing  to  the 
difference  in  tbe  amoDDt  of  traffic  in  the  neighboring  streets.  Experiments  were 
also  to  be  made  to  compare  tlie  magnetic  disturbances  dne  to  electrical  causes  with 
those  at  the  mapietie  station  at  tbe  United  States  Naval  Obeerratary  witbont  the 
city,  bat  only  a  small  difference  in  favor  of  the  latter  site  was  fonnd,  Indnrtion 
effects  in  tbe  bolomet«r  circnit  might  bare  been  expected  to  l>e  caused  by  elertric 
coTTcnte  in  neigbboring  street  lines ;  bnt  owing  to  tbe  special  windini;  of  the  coils 
and  carefal  tUTaDgement  of  all  connections  this  distnrl>Bnce  has  been  mncb  smaller 
tbsn  has  been  anticipated.  When  all  ia  said,  howeTcr,  it  nnfortnnately  remains 
true  that  tbe  best  results  eon  never  be  reached  in  the  present  sitnation. 

C.  ACCBSSTONU  OF  Appauatus. 
The  principle  aceessions  of  apparatus  during  the  past  year  are  as  follows : 

1.  A  6- Inch  telescope  with  photographic  and  vianal  objectives,  4  eyepieces,  2  ampli- 
lyiDg  lenses,  and  Bi>ecttoscopic  attscfameot. 

2.  Special  camera  for  exposing  tbe  moving  plate  in  making  holographs. 

3.  A  slit  with  13-ceatimeter  Jaws  for  nse  in  place  of  cyliudric  lens  in  prodaoing 
linear  translations  of  bologtaphs. 

4.  Special  rheostat  with  slide  wire  all  inclosed  by  water  jacket  for  nse  in  the 
bolometer  circuit. 

5.  Great  battery  of  60  storage  cells  for  the  bolometer  circuit,  with  appropriate 
switch  for  chajging  and  discharginj;. 

6.  Temperature  controlling  apparatus. 

7.  A  new  governor  fur  the  siderostat. 

8.  Stereoscopic  camera. 

9.  Telephoto  camera. 

10.  Projection  lantern  with  accessories. 

PBBSONNBL. 

Mr.  C.  G.  Abbot  succeeded  Mr.  R.  C.  Child  as  aid  acting  in  charge,  January  1, 
lim.  Mr.  R.  C.  Child  left  the  observatory  Juno  30,  1896.  Mr.  L.  E.  Emerson  was 
sppoiot^  as  assistant  on  June  26,  1896. 

Imaysum  nptheresultsof  the  last  year's  work  in  saying  that  an  entirely  new  stage 
of  accuracy  has  been  reached  by  the  elimination  of  sources  of  error  of  long  ntand- 
ing,  and  that  as  a  result  of  this  accuracy  between  200  and  300  well -determined  lines 
nisy  be  expected  to  appear  in  a  communication  which  it  is  expected  in  the  next  year 
to  publish. 
Kespectfully  submitted. 

C.  0.  ASDOT, 
Aid  Actiiig  in  Charge,  Jalrophftical  Obietralorii. 
Mr.  S.  P.  Lanoley, 

Storetary  «/  (lie  Smitktintim  IntUtmtiim. 
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S«.  99a  Kc^OTi  «r  $.  p.  Liueter.  C-«jgmj  ef  (ke  SauUkBOoiMi  luaUtDtion,  for  the 
yt»r  «»diD$  June  36.  I#e.     Aa  odaTo  panpUat  oi  86  pagea,  with  6  fall-paga  Ulaa- 


Xo.  998.  Proccoilicfs  of  ltt%t  in  Bepovt  at  execatiTB  committee.  Aots  of  Con- 
gt*m^    (From  chcSc^Ltkuiaua  Bcptwt  for  taM./    Oetaro  pamphlet  of  30  pagM. 

So.  9M.  On  (be  lluninuJa  of  ibc  Solar  SjaUai.  bf  William  Harkuoss.  (From 
the  SmittaaoaiaD  Beport  for  1>94.  -    OctaTO  pamphlet  of  28  pagea. 

Nol  996.  Schijpanlii*  LaMot  View*  K^ardiag  Han,  by  William  H.  Pickering. 
(From  tbf  .'^mithioDiaa  Report  for  1^91.  i  OetsTO  pamphlet  of  19  pages;  lIInBtrsted 
with  1  plate 

No.  99h.  Light  and  Eleetrifity.  anoniiiig  to  Maxwell  and  Hertz,  b;  M.  Poincar^. 
(From  the  Smithsoaian  Beport  for  li^.)    Ortaro  pamphlet  of  10  pages. 

Ko.  9^,.  Tbe  araij.  by  T.  C.  HeodeahalL  (F'rom  the  SmithsoDiaD  Report  for 
189t.)    Octaro  paniphl«l  of  II  paere. 

No.  »«.  The  A^  of  EWtriritj.  bj  U.  Haoeart.  (Proni  the  Smithsonian  Report 
for  ISM.  ^    Ortavo  pamphlei  of  19  pa^ee. 

Xo,999,  TiTTeslrial  Ua::iic[tsin,  by  Prof.  A.  W.  Bueher.  (FitKn  the  Smithvonian 
Report  for  18£^.  I    Oclaro  pamphlet  of  16  pagM. 

\o.  1000.  Photographic  Photometry,  by  M.  J.  Jsnosen.  (From  the  SmithBonian 
Report  for  l!<9l.)     OctaTo  pamphlet  of  14  page«;  illnstrated  with  15  plates. 

No.  1002.  The  Waste  and  Conaemlionuf  Plant  Food,  by  Harvey  W.  Wiley.  (Prom 
the  Smithsonian  Report  for  1891.)    Oclaro  panphltt  ar23  pagea. 

Ko.  1003.  Konr  Days' Ob^erration  al  th<?  Summit  of  Mont  Btanc,  byH.  J.  Janaaeu. 
(From  the  Smithsonian  Report  for  1^94.1     C^cIsto  pampblet^f  10  pages. 

No.  10(U.  Weather  Making.  Ancient  and  Modem,  by  Hark  W.  Hartington.  (Prom 
the  SmitliBoniau  Report  for  I8M.>    Octavo  pamphlet  of  21  pages. 

No.  1005.  Variation  of  Lalilnde,  by  J.  K.  Be«a.  (From  tbe  SinitbMuian  Report 
for  IHfU.l    Octavo  pamphlet  of  8  pages. 

No.  1006.  The  Development  of  the  Cartography  of  America  np  to  the  Year  1570, 
by  Dr.  Sopbus  Ra^.  (From  the  Smithsonian  Report  for  18M.)  Octavo  pamphlet 
of  15  piiees;  illaatnitrd  with  2A  plates. 

No.  lOOT.  Antarctica:  A  Vaoitihed  Anittral  Land,  by  Henry  O.  Forbes.  (From  the 
Smithsonian  Rei>ort  for  1894.)    Octavo  pamphlet  of  19  pages. 

No.  1008.  The  Promotion  of  Further  Discovery  in  tbe  Arctic  and  Antarctic  Regions, 
by  Clements  R.  Markbnra.  (From  the  Smithsonian  Report  for  1894.)  Octavo  pam- 
phlet of  24  pagcH. 

No.  1009.  The  Phyelral  Condition  of  the  Ofean.  by  Capt,  W,  J.  L.  Wharton,  R.  N, 
(From  theSmitbsoniaa  Report  for  1894.)    Octavo  pamphlet  of  15  pages. 

No.  1010.  The  Origin  of  the  Oldest  Fossils  and  the  Discovery  of  the  Bottom  of  the 
Ocean,  by  Prof.  W.  K.  llrooks.  (FYom  the  Smithsonian  Report  for  1894.)  Octavo 
pamphlet  of  IT  pages. 

No.  1011.  The  Relations  of  Physiology  to  Chemistry  and  Morphology,  by  Glolio 
Fano.    (From  the  Smithsonian  Report  for  1894.)    Ortavo  pamphlet  of  13  pages. 

No.  1012.  Tho  Work  of  the  I'hy Biological  Station  at  Paris,  by  E.  J.  Marey.  (From 
the  Smithsonian  Report  for  1894.)    Octavo  pamphlet  of  21  pages;  illostrnted  with  8 

No.  1013.  The  Methoil  of  Organic  Kvolation,  by  Alftvd  R.  Wallace.  (Prvm  tbe 
SmithHonian  Report  for  1894. )    Octavo  pamphlet  of  22  pages. 

No,  1014.  The  Part  Played  by  Electricity  in  the  Phenomena  of  Animal  Life,  by  M. 
Emest  Solvay.  (From  the  Smithsonian  Iteport  for  1894.)  Octavo  pamphlet  of  13 
pages. 

No,  1013,  Tho  Inflnenco  of  Certain  Agents  Destroying  the  Vitality  of  the  Typhoid 
aoil  of  the  (^olon  Bacillus,  by  John  S.  Billinga  and  Adelaide  Ward  Peckhara.  (From 
*'—  ""'•'i Ionian  Report  for  1SH4.)    Octavo  pamplet  of  7  pages,   ^ 
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No.  1016.  Modem  DeTDlopmenta  of  Harrcf's  Work  in  tbe  Treatment  of  Diieaaea  of 
the  Heut  and  Ciionlation,  b;  Dr.  T.  Laoder  BruntoD,  F.  R.  8.  (Prom  tbe  Smitb- 
soniaD  Eeport  for  IKU.)     OctaTo  pamphlet  of  19  pages. 

No.  1017.  Ante'  Neata,  bj  Dr.  Aogost  Forel.  (From  tbe  .Steltbaoniaa  Report  for 
ISM.)    Octovo  pamphlet  of  26  pngea;  illnstrated  with  2  platee. 

No.  1018.  The  EvolDtion  of  Modern  Society  in  its  Hiatoricnl  Aspeola,  by  R.  D. 
NelTille.     (From  the  SmitbaoniaD  Report  for  1894.)    Octavo  pamphlet  of  11  pages. 

No.  1019.  Hlgntiom  and  tbe  Food  Qnest.  A  Study  in  the  Peopling  of  America,  by 
inie  Tnflou  Mason.  (From  tbe  Smithaonian  Report  fur  1S91.)  Octavo  pamphlet  of 
ITpagn;  iUoatnted  with  1  plate. 

No.  1020.  TheGaaDches:  Tbe  Ancient  Ifibabitantsof  Canary,  by  Capt.  J.  W.  Gam- 
bier,  R.  N.  (From  the  Smithaoniao  Report  for  ISM.)  Octavo  pamphlet  of  12  pagea; 
ilJaati»t«d  with  15  text  fignres. 

No.  1021.  Psfcbology  of  Preatidigitation,  by  Alfred  Blnet.  (From  tbe  Smithao- 
■iin  Beport  for  1891. >    Octavo  pamphlet  of  IS  pagea. 

No.  I(S2.  A  Diacovery  of  Greek  Horizontal  Cnrvea  in  the  MaiitoD  Carri^  at  Nim«a, 
by  William  Heury  Goodyear.  (From  the  Smithaonian  Report  for  18tU.)  Octavo  pam< 
phlet  of  15  pagea;  illaatratedwitli  6platea. 

No.  1023.  The  Methods  of  Arehieological  Research,  by  Sir  Henry  Howorth.F.R.S. 
(From  the  Smithsonian  Report  for  1894.)     Octavo  pamphlet  of  19  pages. 

No.  1024.  The  Art  of  Casting  Bronze  in  Japan,  by  W.  Gowland,  F.  8.  A.  (From 
the  Smithsonian  Report  for  1894.)    Octavo  pamphlet  of  43  pages)  illustrated  with  T 

No.  1025.  Study  and  Reoearch,  by  Rndolph  Vircbow.  (From  the  Smithsonian 
Beport  for  1884.)     Octavopamphlet  of  ISpages. 

No.  1028.  Srientilic  Problems  of  tbe  Fotnre,  by  Lieut.  Col.  H.  Els<lalo.  (Prom  the 
Smithsonian  Report  for  1894.)     Octavo  pamphlet  of  13  pages. 

No.  1027.  Tbe  Founding  of  the  Berlin  Univernity  and  tbe  Transition  from  the 
Philosophic  to  the  Scientiflo  Age,  by  Rudolph  Vircbow.  (From  the  Sniitbsonisn 
Report  for  18&1.)     Octavo  pamphlet  of  15  pages. 

So.  1028.  The  Institute  of  France  in  1894,  by  M.  Loewy,  president  of  the  Institute. 
(From  the  Smitksouian  Report  for  1894.)    Octavo  pamphlet  of  12  pagea. 

No.  1039.  Herman  von  Helmholtz,  by  Arthur  W.  Rlickor,  P.  R.  S.  ( Prom  tbe  Smith- 
•onian  Report  for  1894.)    Octavo  pamphlet  of  10  pages. 

No.  1030.  Sketch  of  Heinrich  Herta,  by  Heleue  Bonfort.  (From  the  Smithsonian 
Bsport  for  1894. )     Octavo  pamphlet  of  8  pages. 

IV.    PDBUCATION8  OK   Bl'REAU   Of   ETIINOLOUY. 

The  annoal  reports  and  bnlletins  of  the  Bureau  of  Ethnology  published  during 
the  year  are  mentioned  in  the  Director's  report. 

V.    PUBLICATIONS  OF   NATIONAL  MUSEDM. 

The  National  Unseum  baa  issued  several  Bnlletius  and  papers  of  the  Proceedings, 
which  are  ennmerated  on  another  page. 
Beapectfnlly  submitted. 

A.    HOWAKU  CLAItK. 

Mr,  8.  P.  Lamolky, 

StereUtrn  of  tkt  SmUkumian  fiufilHltos.  • 
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ADVEETISEMENT. 


The  object  of  tbe  Genebal  Appendix  to  the  Annaal  Report  of  the 
SmJtbsoDian  Institatioo  is  to  fdroish  brief  accounts  of  scientific  discov- 
ery in  partieular  directioDs;  reports  of  investigations  made  by  collab- 
orators of  the  Institntioii ;  and  memoirs  of  a  general  character  or  on 
special  topics  tbat  are  of  interest  or  value  to  tbe  nomeroos  correspond- 
ents of  tbe  Institution. 

It  has  been  a  prominent  object  of  the  Board  of  Begents  of  tbe  Smith- 
sonian Institution,  from  a  very  early  date,  to  enrich  tbe  annual  report 
required  of  them  by  law  with  memoirs  illustrating  the  more  remarka- 
ble and  important  developments  in  phy<<ical  and  biological  discovery, 
as  well  as  showing  tbe  general  character  of  tbe  operations  of  the  Insti- 
tution; and  this  purpose  has,  during  tbe  greater  part  of  its  history, 
been  carried  oat  largely  by  the  publication  of  such  papers  as  would 
possess  an  interest  to  all  attracted  by  scientific  progress. 

In  1880  the  Secretary,  induced  in  part  by  tbe  discoutinnance  of  an 
aunnal  summary  of  progress  which  for  thirty  years  previous  bad  been 
issued  by  well-known  private  publishing  firms,  had  prepared  by  com- 
petent collaborators  a  series  of  abstracts,  showing  concisely  the  prom- 
inent features  of  recent  scientific  progress  in  astronomy,  geology, 
meteorology,  physics,  chemistry,  mineralogy,  botany,  zoology,  and 
anthropology.  This  latter  plan  was  continued,  though  not  altogether 
satis lactorily,  down  to  and  including  tbe  year  1888. 

In  the  report  for  1889  a  return  was  made  to  the  earlier  method  of 
presenting  a  misGellaoeoas  selection  of  papers  (some  of  them  original) 
unbracing  a  considerable  range  of  scientific  investigation  and  discus- 
sion. This  method  has  been  contiuned  in  the  present  report,  for  1896. 
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By  Pn>£  SiMON  Nbwcomb. 


Assembled,  as  we  are,  to  dedicate  a  new  institntJou  to  the  promotion 
of  OUT  knowledge  of  the  heavens,  it  appeared  to  me  that  an  appropriate 
and  interesting  Bobject  might  be  the  present  and  fatnre  probJemaof 
astronomy.  Yet  it  seemed,  on  farther  reflection,  that,  apart  from  the 
difficnlty  of  making  an  adequate  statement  of  these  problems  on  such 
an  occasion  as  the  present,  snoh  a  wording  of  tbe  theme  would  not  fally 
express  the  idea  which  I  wish  to  convey.  The  so-called  problems  of 
astronomy  are  not  separate  and  independent,  but  are  rather  the  parts 
of  one  great  problem,  that  of  increasing  oar  knowledge  of  tbe  universe 
in  ita  widest  extent.  I^or  is  it  easy  to  contemplate  tbe  edifice  of  astro- 
nomical science  as  it  now  stands,  without  thinking  of  tbe  past  as  well 
as  of  the  present  and  fatnre.  The  tloct  is  that  our  knowledge  of  the 
universe  has  been  in  the  nature  of  a  slow  and  gradual  evolution,  com- 
mencing at  a  very  early  period  in  human  history,  and  destined  to  go 
forward  witbont  stop,  as  we  hope,  so  long  as  civilization  shall  endure. 
The  astronomer  of  every  age  has  built  on  the  foundations  laid  by  bis 
predecessors,  and  bis  work  has  always  tbrmed,  and  must  ever  form,  the 
base  on  which  bis  successors  sbalt  bnild.  Tbe  astronomer  of  to-day 
may  look  back  upon  Hipparchus  and  Ptolemy  as  tbe  earliest  ancestors 
of  whom  he  has  positive  knowledge.  He  can  trace  his  scientific  desceut 
from  generation  to  generation,  through  the  periods  of  Arabian  aud 
mediiBval  science,  tbrongh  Goi>ernicu8,  Kepler,  Kewton,  La  Place,  and 
Herschel,  down  to  the  present  time.  The  evolution  of  astronomical 
knowledge,  generally  slow  and  gradual,  offering  little  to  excite  the 
attention  of  the  public,  baa  yet  been  marked  by  two  cataclysms.  One 
of  these  is  seen  in  the  grand  conception  of  Copernicns  that  this  earth  on 
which  we  dwell  is  not  a  globe  fixed  in  the  center  of  the  aniverse,  but  is 
simply  one  of  a  number  of  bodies,  turning  on  tbeu*  own  axes  and  at  the 
same  time  moving  around  the  sun  as  a  center.  It  has  always  seemed 
to  me  that  the  real  significance  of  tbe  heliocentric  system  lies  in  tbe 
greatness  of  this  conception  rather  than  in  the  fact  of  the  discovery 
itself.    There  is  no  figure  in  astronomical  history  which  may  more 

■An  addreas  given  hy  Prof.  Simon  Newcomb  at  thn  dedlcntioti  of  Ihe  Floorer 
OlMerratorj,  Univeraitj  of  Pcnnaylvania,  May  12,  1897.  BepriD(«d  ftom  Scienot^ 
Uaj  21,  ISOT. 
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appropriately  tiaim  the  adairatiaii  of  mankind  tbroagb  all  time  tlian 
thMt  of  CofmitmM.  SamOj  any  gicst  vwk  was  ever  so  excInsiTely 
tbc  Tort  o(  one  oiao  «e  vas  the  bdiooeotrie  syBtem  tbe  work  of  the 
ledri:  g  sape  of  FraaeiibaTg.  Xo  more  tttiiking  contrast  between  tbe 
viev7  of  focDtific  rcaeareh  enteftained  in  bis  time  and  in  ootb  can  be 
area  ibaa  ikat  sees  in  tbe  iict  that,  instead  of  claiming  credit  for  his 
great  work,  be  deemed  it  lather  necesaary  to  apologize  for  it  and,  so 
far  me  p>:•^^ble.  to  atlribate  hifi  ideas  to  the  ancients. 

A  cennuy  and  a  half  after  Copernicos  followed  tbe  second  great 
st^p.  that  taken  by  Newttm.  This  was  nothing  less  tbao  showing  that 
the  (*einingly  romplit-ated  and  inexplicable  motions  of  the  beavealy 
bodies  were  only  special  cases  of  tbe  same  kind  of  motion,  governed 
by  the  same  forc«&  that  we  Me  around  ns  whenever  a  stone  is  tbrow^i 
by  the  hand  w  an  apple  &lls  to  the  ground.  The  actual  motioDs  of 
the  heavens  and  the  htws  which  govern  Uiem  being  known,  man  baa 
the  key  with  which  he  might  commence  to  nnlock  the  mysteries  of  the 
onivrrse. 

When  Hsyfrbeos,  in  1656,  published  hU  Systema  Satnrniom,  whero 
be  first  set  forth  the  mystwy  of  the  rings  of  Saturn,  which,  for  ■'®*^'^ 
half  a  century,  had  perplexed  telescopic  obeervers,  he  prefhced  it  wit 
a  remark  that  many,  even  among  tbe  learned,  might  **"*®"^^ 
course  in  devotinc  so  much  time  and  attention  to  matters  tsj: 
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black  J  ^^  ^^  bounds  outside  of  which  nothing  exists  bnt  the 
siiDpi  *°  "twiess  depths  of  infinity  itself!  Or  are  the  stars  we  see 
Dearest  ^  ""embers  of  an  infinite  collection  as  happen  to  be  the 
beginn"  ^^  systeinl  A  few  sach  questions  as  these  we  are  perhaps 
***"  yeai-  ^  answer;  bat  hundreds,  thousands,  perhaps  even  millioDS 
the  astftn"'*^  elapse  without  our  reaching  a  complete  solntion.  Yet 
"^tnm  ."^'J'*''  *'**e8  not  view  them  as  Kantian  antinomies,  in  the 
'ook  for         ""^  insoluble,  bat  as  questions  to  which  he  may  hopefully 

Thg     *t  least  a  partial  answer. 
*'®etion     ■         **^  the  distances  of  the  stars  is  of  peculiar  interest  in  con- 
'lyBtein  ^   .   ***®  Copemican  system.    The  greatest  objection  to  this 
Selves  i  J^"^^  innst  have  been  more  clearly  seen  by  astronomers  them- 
Paralia w  *"  ^^  *°^  others,  was  found  in  the  absence  of  any  apparent 
'^''Xle  a         *^^*  stars.    If  the  earth  performed  such  an  immeasurable 
^rte  tn,    ,  ^'"*  the  sun  as  Gopernicos  maintained,  then,  as  it  passed  from 
^  l>avo     *  **^  '^  orbit,  the  stars  outside  the  solar  system  must  apjiear 
^*in»  i,.*.™'Te8pondine  motion  in  the  other  direction,  and  thus  to 
red  in  one  and  the  other  direc- 
riog  of  that  sort  conld  be  seen 
lis  on  which  the  doctrine  of  the 
,y  was  simply  ignored  byOoper- 
'he  idea  that  nature  would  not 
ble  stretches  of  it  to  go  unused 
teval  thinkers  could  not  entirely 
jre  could  be  no  need  of  any  such 
e,  might  have  been  theoretically 
felt.    The  fact  is  that  magnifl- 
!U8,  it  was  dwarfed  by  the  con- 
vast  that  the  whole  orbit  of  the 

I  the  difilculty  thus  arising  was 
ahed  by  Horrebow,  the  Danish 
;his  industrious  observer,  one  of 
jling  onr  meridian  transit  of  the 
could  find  the  parallax  of  the 
hich  a  pair  of  stars  in  opposite 
leridian  at  opposite  'seasons  of 
A  won  success,  he  published  his 
the  title  of  Copernicna  Trium- 
rhiscontemporaries showed  that 
be  stars  from  seaaou  to  season 
ite  of  his  clock,  due  to  the  differ- 
:po8ed  during  the  day  aud  the 
tauce  even  of  the  nearest  stars 
Beasel  and  Btruve  arose  in  the 
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i>n  Mvme  iwp«cta  of  tli«  pmbiem  of  tbe  extent  of  the  anirerse  light 
Ifl  Ifping  thrown  tv^n  now.  Evid^Ke  is  grwiaaHj  ■eenmalktiog  which 
pointn  t/>  the  probability  that  the  ■atccBOive  orders  of  smaller  and 
rnialler  ntarn,  wbi(:h  our  continually  increasing  telescopic  power  brings 
into  view,  are  not  sitaated  at  greater  and  greater  distances,  but  that 
we  aKoally  !<ee  the  honndary  of  oar  anirerse.  This  indication  leoda  a 
pecnliar  interest  to  variona  qnestions  groiringoat  of  the  motions  of  the 
fltarn.  Quite  poeaibly  the  problem  of  these  motions  will  be  the  great 
one  of  thR  fatnre  astronomer.  Even  now  it  saggests  thoaghts  and 
(jnentions  of  the  most  far-reaching  character. 

I  have  Heldotn  felt  a  more  delicioos  sense  of  repose  than  when  cross- 
ing the  ocean  dnring  the  sammer  months  I  sought  a  place  where  I 
coiitd  He  alone  on  the  deck,  look  np  at  the  constellations,  with  Lyra 
nenr  the  zenith,  and,  while  listening  to  the  clank  of  the  engine,  try  to 
calcniiite  the  hnndreds  of  millions  of  years  which  would  be  required  by 
oitr  Hhlji  to  reach  tbe  star  a  Lyne  if  she  coold  continne  her  course  in 
th»t  direction  witbont  ever  stopping.    It  in  a  striking  example  of  how 
enxily  we  niBy  fail  to  realize  oar  knowledge  when  1  say  that  I  hare 
thonglit  miny  a  time  how  deliciously  one  might  pass  those  handred 
inillioiifl  of  years  in  ajonrney  to  tbe  star  or  Lyne,  witbont  its  occorring 
to  me  that  we  are  actually  making  that  very  journey  at  a  speed  com- 
pared with  which  the  motion  of  a  steamship  is  slow  indeed.    Throagh 
every  yeiir,  every  hour,  every  minute,  of  human  history  from  the  first 
Hl)[ieit ranee  of  tnan  on  the  earth,  from  tbe  era  of  the  builders  of  the 
rymmiilH,  throagh  the  times  of  Ctesar  and  Hannibal,  through  the  period 
of  overy  event  that  history  records,  not  merely  our  earth,  but  the  aon 
anil  (be  whole  solar  system  with   it,  have  been  speeding  tbeir  way 
towiirti  the  «tnr  of  which  I  apeak  on  a  journey  of  which  we  know  neither 
tlie  beginning  nor  the  end.    Daring  every  clock  beat  through  which 
Imnmnityhna  existed  it  has  moved  on  this  journey  by  an  amount  which 
vf  e  eiui  not  Hpwify  more  exactly  than  to  say  that  it  is  probably  between 
n  anil  »  uiik'H  \wT  sucoiid.    We  are  at  this  moment  thousands  of 
inilen  nearer  to  .v  Lym>  tlian  we  were  a  few  minutes  ago  when  I  began 
thin  dls*Hmrse.  and  through  every  future  moment,  for  untold  thousands 
of  .veiu-s  u*  eonie,  the  earth  tuid  all  there  is  on  it  will  be  nearer  to  a 
<>  the  plM<e  where  that  star  now  is,  by  hundreds  of 
ilnutc  of  time  come  and  gone.    When  shall  we  get 
■  in  less  than  n  million  years,  perhaps  in  half  a  million. 
exrtetly,  but  get  there  we  must  if  the  laws  of  nature 
motion  wmtitiue  a^i  they  are.    To  attain  to  the  stars 
ly  vain  wish  of  the  philostipher,  but  the  whole  human 
ini  wiis*\  n>{»lif  iug  this  wish  as  rapidly  as  a  speed  of 
>'»d  oa«  bring  it  «tK.iit. 

n»>utMn  t(i  this  uKUion  l»rt-ause  it  may.  in  the  not  dia- 
>i  ih*.  m,\«)s  of  a,n>rv.s:mating  to  a  aolntion  of  the 
MMitt^wvd— tU;*t  iM  th*  vjitent  of  the  anirerse.    Not 
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Tithstanding  the  saccess  of  aatronomers  diiriDg  the  preseot  century  in 
mrasoriDg  the  parallax  of  a  Dnmber  of  stars,  the  most  recent  investi- 
gstioDs  show  that  there  are  ver;  few,  perhaps  hardly  more  thnti  a  score, 
of  Btars  of  which  the  parallax,  and  therefore  the  distance,  lias  t>eeD 
detenoined  with  any  approach  to  certainty.  Many  parallaxes  deter- 
mined by  observera  about  the  middle  of  the  century  have  had  to  disap- 
pear before  the  powerful  tests  applied  by  measures  with  the  heliometer; 
others  have  been  greatly  reduced  antl  the  distances  of  the  stars  increased 
in  proportion.  So  far  as  measurement  goes,  we  can  only  say  of  the  dis- 
tances of  all  the  stars,  except  the  few  whose  parallaxes  have  been 
determined,  that  they  are  immeasurable.  The  radius  of  the  earth's 
orbit,  aline  more  than  ninety  millions  of  miles  in  length,  uotoulyvan- 
isbesfrom  eight  before  we  reach  the  distance  of  the  great  mass  of  stars, 
but  becomes  such  a  mere  point  that  when  magnified  by  the  powerful 
iitstmmeDts  of  modem  times  the  most  delicate  appliances  fail  to  make 
it  measurable.  Here  the  solar  motion  comes  to  our  help.  This  motion, 
by  which,  as  I  have  said,  we  are  carried  uDceasingly  through  space,  is 
made  evideut  by  a  motion  of  most  of  the  stars  in  the  oiiposite  direction, 
just  as  passing  through  a  country  on  a  railway  we  see  the  houses  on 
the  right  and  on  the  left  being  left  behind  us.  It  is  clear  enough  that 
the  apparent  motion  will  be  more  rapid  the  nearer  the  object.  We 
may  therefore  form  aome  idea  of  the  distance  of  the  stars  when  we 
know  the  amount  of  the  motion.  It  is  found  that  in  the  great  mass  of 
Btars  of  the  sixth  magnitude,  the  smallest  visible  to  the  naked  eye,  the 
motion  is  about  three  seconds  per  century.  As  a  measure  thus  stated 
does  not  convey  an  accurate  conception  of  magnitude  to  one  not  prac- 
ticed in  the  subject,  I  woald  say  that  in  the  heavens,  to  the  ordinary 
eye,  a  pair  of  stars  will  appear  single  uuless  they  are  separated  by  a 
distance  of  150  or  200  seconds.  Let  us,  tlien,  imagine  ourselves  looking 
at  a  star  of  the  sixth  magnitude,  which  is  at  rest  while  wo  are  carried 
past  it  with  the  motion  of  6  or  8  miles  per  second  which  I  have  described. 
Mark  its  i>oaition  in  the  heavens  as  we  see  it  today;  then  let  its  posi- 
tion agaiu  be  marked  5,000  years  hence.  A  good  eye  will  just  be  able 
to  perceive  that  there  are  two  stars  marked  instead  of  one.  The  two 
would  be  so  close  together  that  no  distinct  space  betveen  them  could  be 
perceived  by  unaided  vision.  It  is  dne  to  the  magnifying  power  of  the 
telescope,  enlarging  such  small  apparent  distances,  that  the  motion  has 
been  determiiieil  iu  so  small  a  period  as  the  150  years  during  which 
accurate  observations  of  the  stars  have  been  made. 

The  motion  just  described  has  tieeu  fairly  well  determined  for  what, 
astmnomically  speaking,  are  the  brighter  stars;  that  is  to  say,  those 
visible  to  the  naked  eye.  But  how  is  it  with  the  millions  of  faint  tele- 
scopic stars,  especially  those  which  form  the  cloud  masses  of  the  Milky 
Wayt  The  distance  of  these  stars  is  undoubtedly  greater,  and  the 
apparent  motion  is  therefore  smaller.  Accurate  observations  upon 
such  stars  have  been  commenced  only  recently,  so  that  we  have  not 
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yet  liad  time  to  determioe  the  amoiuit  of  the  motioii.  Bat  the  indica- 
tion seems  to  be  that  it  will  prove  quite  a  measurable  qaanttly  and 
that  before  the  twentieth  centnry  has  elapsed  it  will  be  determined  for 
very  much  smaller  stars  than  those  which  have  heretofore  l>eeD  studied. 
A  phot4)grapbic  chart  of  the  whole  heavens  is  now  bein;;  coostracted 
by  an  association  of  obeervatories  in  some  of  the  leading  conntries  of 
the  world.  I  can  not  say  all  the  leading  conntries,  because  then  we 
shoald  have  to  eAclnde  oar  own,  which,  unhappily,  has  taken  no  part 
in  this  work.  At  the  end  of  the  twentieth  centary  we  may  expect  that 
the  work  will  be  repeated.  Then,  by  comparing  tbe  charts,  we  shall 
see  the  effect  of  the  solar  motion  and  perhaps  get  new  light  upon  the 
problem  in  question. 

Closely  connected  with  the  problem  of  the  extent  of  the  universe  is 
another  which  appears,  for  us,  to  be  insoluble  because  it  brings  ns  face 
to  face  with  infinity  itself.     We  are  familiar  enough  with  eternity,  or, 
let  us  say,  the  millions  or  hundreds  of  millions  of  years  which  geolo- 
gists tell  us  must  have  passed  while  the  crust  of  tbe  earth  was  assuming 
its  present  form,  our  mountains  being  bnilt,  our  rocks  consolidated, 
and  successive  orders  of  animals  coming  and  going.     Handreds  of 
millions  of  years  is  indeed  a  long  time,  and  yet,  when  ve  contemplate 
the  changes  supposed  to  have  taken  place  during  that  time,  we  do  not 
look  oat  ou  eternity  itself,  which  is  veiled  from  oar  sight,  as  it  were,  by 
the  nneuding  snccession  of  changes  that  mark  the  progress  of  time. 
But  in  tbe  motions  of  the  stars  we  are  brought  face  to  face  with  eternity 
and  infinity,  covered  by  no  veil  whatever.    It  would  be  bold  to  speak 
dogmatically  on  a  subject  where  the  springs  of  being  are  so  far  bidden 
from  mortal  eyes  as  in  the  depths  of  tbe  aniverse.     But,  without 
declaring  its  positive  certainty,  it  must  be  said  that  the  conclusion 
seems  unavoidable  that  a  number  of  stars  are  moving  with  a  speed 
such  that  the  attraction  of  ail  the  bodies  of  the  universe  could  never 
stop  them.    One  such  case  is  that  of  Arcturus,  the  bright  reddish  star 
familiar  to  mankind  since  the  days  of  Job,  and  visible  near  the  zenith 
on  the  clear  evenings  of  May  and  June.     Yet  another  case  is  that  of  a 
star  known  in  astronomical  nomenclature  as  1830  Groombridge,  which 
i  angular  proper  motiou  ns  seen  from  the  earth, 
ippose  that  it  seems  to  move  so  fast  because  it 
)8t  measurements  of  its  parallax  seem  to  show 
less  than  two  million  times  the  distance  of  the 
hile  it  may  be  mnch  greater.    Accepting  this 
lot  be  mnch  less  than  200  miles  per  second,  and 
nth  this  speed  it  would  make  the  circuit  of  our 
id  had  it  gone  round  and  round  in  our  latitudes 
fly  past  us  a  number  of  Hmes  since  I  commenced 
Id  make  the  journey  from  the  earth  to  the  sun 
jw  near  the  center  of  our  system  it  would  prob- 
in  a  million  of  years.     So  far  as  our  knowledge 
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of  Datnre  goes,  there  is  no  force  id  nature  whicli  would  ever  bave  set  it 
in  motion  and  no  force  which  can  ever  stop  it.  What,  then,  was  the 
history  of  this  star,  and,  if  there  are  planets  circulating  around,  what 
tbe  experience  of  beings  who  may  have  lived  on  those  planets  during 
tbe  ages  which  geologists  and  naturalists  assure  us  our  earth  has 
existed!  Did  they  see  at  night  only  a  black  and  starless  heaven f 
Was  there  a  time  when  in  that  heaven  a  small  faint  patch  of  light 
began  gradually  to  appear!  Did  that  patch  of  light  grow  larger  and 
larger  as  million  after  million  of  years  elapsed!  Did  it  at  last  All  tbe 
beavens  and  break  up  into  constellations  as  we  now  see  them!  As 
miUions  more  of  years  elapse  will  the  constellations  gather  together  in 
the  opposite  quarter  aud  gradually  diminish  to  a  patch  of  light  as  the 
star  pursues  its  irresistible  course  of  200  miles  per  second  through  the 
wilderness  of  space,  leaving  our  universe  farther  and  farther  behind  it, 
until  it  is  lost  in  the  distance!  If  tbe  conceptions  of  modem  science 
are  to  be  considered  as  good  for  all  time — a  point  on  which  I  confess  to 
a  large  measnre  of  scepticism — then  these  questions  must  be  answered 
in  the  afBrmative. 

Intimately  associated  with  these  problems  is  that  of  the  duration  of 
tbe  universe  in  time.  The  modem  discovery  of  tbe  conservation  of 
eoergy  has  raised  tbe  question  of  the  period  during  which  our  sun  has 
existed  and  may  continue  in  tbe  future  to  give  ua  light  and  heat.  Mod- 
ern science  tells  us  that  the  quantity  of  light  and  heat  which  can  be 
stored  in  it  is  necessarily  limited,  and  that,  when  radiated  as  tbe  sun 
radiates,  tbe  snpply  must  in  time  be  exhausted.  A  very  simple  calcu- 
lation shows  that  were  there  no  source  of  supply  the  sun  would  be 
cooled  off  in  three  or  four  thousand  years.  Whence,  then,  comes  the  sup- 
ply! Daring  the  past  thirty  years  tbe  source  has  been  sought  for  in  a 
hypothetical  contraction  of  the  sun  itself.  True,  this  contraction  Is 
too  small  to  be  observed.  Several  thoasand  years  must  elapse  before 
it  can  be  measurable  with  our  instruments,  iirauting  that  this  is  and 
always  has  been  tbe  sole  source  of  supply,  a  simple  calculation  shows 
that  the  sun  could  scarcely  have  been  giving  its  present  amount  of 
heat  for  more  than  twenty  or  thirty  millions  of  years,  before  that  time 
the  earth  and  the  sun  must  have  formed  one  body,  a  great  nebula, 
by  the  condensation  of  which  both  are  supposed  to  have  been  formed. 
But  the  geologists  tell  us  that  tbe  age  of  tbe  earth  is  to  be  reckoned 
by  hundreds  of  millions  of  years.  Thus  arises  a  question  to  which 
physical  science  has  not  been  able  to  give  an  answer. 

Tbe  problems  of  which  I  have  so  far  spoken  are  those  of  what  may 
be  called  tbe  older  astronomy.  If  I  apply  this  title  it  is  because  that 
branch  of  the  science  to  which  the  spectroscope  has  given  birth  is 
often  called  the  new  astronomy.  It  is  commonly  to  be  expected  that  a 
new  and  vigorous  form  of  scientific  research  will  supersede  that  which 
is  hoary  with  antiquity.  But  I  am  not  willing  to  admit  that  such  is 
the  case  with  the  old  astronomy,  if  old  we  may  call  it.     It  is  more 
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piquant  with  fiibire  diflcoreries  today  than  it  ever  baa  beeu,  and  it  ts 
more  disposed  to  welcome  the  Hpectroscope  aa  a  luefiil  handmaid,  vbich 
may  help  it  on  to  new-  fields,  tfaao  it  is  to  give  way  to  it.  Hownaefiil  it 
may  tbns  become  has  been  recently  shown  by  a  Dntch  astronomer, 
who  finds  that  the  stars  having  one  type  of  spectmm  belong  mostly  to 
the  Milky  Way,  and  are  farther  &om  as  than  the  utheis. 

Id  the  field  of  the  never  astronomy  perhaps  the  most  interesting 
work  is  that  associated  with  comets.  It  mnst  be  confessed,  however, 
that  the  spectroscope  has  rather  increased  than  diminished  the  mystery 
which,  in  some  reajvccts,  snrroands  the  constitolton  of  these  bodies. 
The  older  astronomy  has  satisEactoriJy  acconnted  for  their  appearance, 
and  ve  might  also  say  for  tbeir  origin  and  their  end,  so  far  ns  questions 
of  origin  can  come  into  the  domain  of  science.  It  is  now  known  that 
comets  are  not  wanderers  tbrongh  the  celestial  spaces  from  star  to  star, 
bot  mnst  always  have  belonged  to  onr  system.  Bnt  their  orbits  are  so 
very  elongated  that  thcnsands,oreven  bondreds  of  thoasands,  of  years 
are  required  for  a  revotntion.  Sometimes,  however,  a  comet  passing 
near  to  Jupiter  is  so  fascinated  by  that  planet  that,  in  its  vain  attempts 
to  follow  it,  it  loses  so  mnch  of  its  primitive  velocity  as  to  circulate 
aronud  the  snn  in  a  period  of  a  few  years,  and  tbns  to  become,  appar- 
ently, a  new  member  of  onr  system.  If  the  orbit  of  such  a  comet,  or 
in  fact  of  any  comet,  chances  to  intersect  that  of  the  earth,  the  latter 
in  passing  the  point  of  intersection  encounters  minute  particles  which 
causes  a  meteoric  shower.  The  great  showers  of  November,  whi(^h 
occur  three  times  in  a  century  and  were  well  known  in  the  years  1866-67, 
may  be  expected  to  reappear  about  1900,  after  the  passage  of  a  comet 
which,  since  1866,  has  been  visiting  the  confines  of  oar  system,  and  is 
expected  to  return  about  two  years  hence. 

But  all  this  does  not  tell  ns  mach  about  the  nature  and  make-np  of  a 
comet.  Does  it  consist  of  nothing  but  isolated  prides,  or  is  tiiere  a 
solid  nucleus,  the  attraction  of  which  tends  to  keep  the  mass  togetherl 
No  one  yet  knows.  The  spectroscope,  if  we  interpret  its  indications  in 
the  usual  way,  tells  us  that  a  comet  is  simply  a  mass  of  hydrocarbon 
vapor,  shining  by  its  own  light.  But  there  must  be  something  wrong 
in  this  interpretation.  That  the  light  ib  reflected  sunlight  seems  to 
follow  necessarily  fh>m  the  increased  brilliancy  of  the  comet  as  it 
annroachea  the  sun  and  its  disappearance  as  it  passes  away. 

tion  has  recently  been  bestowed  upon  the  physical  consti- 
ilanets  and  the  changes  which  the  surfaces  of  those  bodies 
In  this  department  of  research  we  must  feel  gratified 
of  onr  countrymen  who  have  entered  upon  it.  Should  I 
mention  all  the  results  thus  made  known  I  might  be 
angerous  ground,  as  many  questions  are  still  nnsettled. 
.atronomer  has  entertained  the  highest  admiration  for  the 
ithusiasm  shown  by  Mr.  Percival  Lowell  in  founding  an 
•>  regions  where  the  planets  can  be  studied  nnder  the 
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moBt  favorable  couditioua,  tbey  can  not  lose  aiglit  of  the  fact  tliat  the 
ahlest  and  most  experienced  observers  are  liable  to  error  wheD  they 
attempt  to  deliueate  the  featores  of  a  body  /W,000,000  or  100,000,000 
miles  away  tUrough  trach  a  disturbing  medium  as  oar  atmosphere.  Even 
OQ  sneh  a  subject  as  the  canals  of  Mars  doabt«  may  still  well  be  felt. 
That  certain  markings  to  which  Schiaparelli  gave  tbe  name  of  canala 
exist,  few  wilt  question.  Bnt  it  may  be  questioned  whether  these  mark- 
ings are  the  fine,  sharp,  uniform  lines  found  on  Schiaparelli's  map  and 
delineated  in  Mr.  Lowell's  beautiful  book.  It  is  certainly  curious  that 
Barnard  at  Mount  Hamilton,  with  tbe  most  powerfal  iustmment  and 
under  the  most  favorable  circumstances,  does  not  see  these  markings 
SB  canals. 

I  can  only  mention  among  the  problems  of  tbe  spectroscope  the  ele- 
gant and  remarkable  solutina  of  tbe  mystery  surrounding  tbe  rings  of 
Satom,  which  has  been  effected  by  Keeler  at  Allegheny.  That  these 
rings  conld  not  be  solid  has  long  been  a  coDclusiou  of  tbe  laws  of 
mechanics,  but  Eeeler  was  the  first  to  show  that  they  must  consist  of 
separate  particles,  becaoae  the  inner  portions  revolve  more  rapidly  than 
the  outer.  The  question  of  the  atmosphere  of  Mars  has  also  received 
■n  important  advance  by  the  work  of  Campbell  at  Mount  Hamilton. 
Although  it  is  not  proved  that  Mars  has  no  atmosphere,  for  the  exist- 
ence of  some  atmosphere  can  scarcely  be  doubted,  yet  the  Mount  Ham- 
ilton astronomer  seems  to  have  shown,  with  great  conclusiveness,  that 
it  is  so  rare  as  not  to  produce  any  sensible  absorption  of  tbe  solar  rays. 

I  have  left  an  important  subject  for  the  close.  It  belongs  entirely  to 
the  older  astronomy,  and  it  is  one  with  which  I  am  glad  to  say  this 
observatory  is  expected  to  especially  concern  itself.  I  refer  to  the 
question  of  the  variation  of  latitudes,  that  singular  phenomenon 
scarcely  suspected  ten  years  ago,  but  brought  out  by  observations  in 
Germany  during  the  past  eight  years,  and  reduced  to  law  with  such 
brilliant  success  by  our  own  Ohandler.  The  North  Pole  is  not  a  fixed 
point  on  the  earth's  surface,  but  moves  around  in  rather  an  irregular 
way.  Trne,themotionissma1I;  acircleoffiOfeetiudiameterwilliuclude 
the  pole  ill  its  widest  range.  This  is  a  very  small  matter  so  far  as  the 
interests  of  daily  life  are  concerned;  but  it  is  very  important  to  the 
astronomer.  It  is  not  simply  a  motion  of  the  pole  of  the  earth,  but  a 
wabbling  of  the  solid  earth  itself.  'So  one  knows  what  conclusions  of 
unportance  to  our  race  may  yet  follow  from  a  study  of  the  stupendous 
forces  necessary  to  produce  even  this  slight  motion. 

The  director  of  this  new  observatory  has  already  distinguished  him- 
self in  the  delicate  and  difficult  work  of  investigating  this  motion, 
and  I  am  glad  to  know  that  be  is  continuing  the  work  here  with  one  of 
the  finest  instruments  ever  used  in  it,  a  splendid  product  of  American 
mechanical  genius.  I  can  assure  yon  that  astronomers  the  world  over 
will  look  with  the  greatest  interest  for  Professor  Doolittle's  success  in 
the  arduous  task  he  has  undertaken. 
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Tlinrn  In  oti«  rjueHtion  connected  with  these  studies  of  the  nnJTerae 
nil  wliiiili  I  liave  not  touched,  and  whieh  is,  nerertheless,  of  transcendent 
InUtKwI..  VVtiiit  Hort  of  life,  spiritual  and  intellectual,  exists  in  distaDt 
Wci'liUI  WtM'iui  not  for  a  moment  anppose  thatonr  little  planet  is  the 
Hilly  iiiiii  Mifoil^liout  the  whole  universe  on  which  may  be  foond  the 
tiiillM  iiC  rlvill^iitioii,  warm  firesidea.  friendship,  thedesireto  penetrate 
I  liii  iiiyMl(irli»t  »r  c.rojition.  And  yet  this  question  is  not  to-day  a  proh- 
li'iii  III'  lUli'oiHimy,  nor  ciin  we  see  any  prospect  that  it  ever  will  be,  for 
Mm  niiit|ili«  miuuiii  Mint  Kcience  alTords  ns  no  hope  of  an  answer  to  any 
i|iliinltiiti  Unit  w«  may  send  through  the  fathomless  abyss.  When  the 
ii|ittiiirii>ii'ii|iii  wiiH  In  its  infancy  it  was  8nggest«d  that  possibly  some 
liilli'xiiiiHi  mitiht  Iw  fomid  in  the  rays  reflected  &om  living  matter, 
iiHIiin'.iiilly  hiiiii  vKtiotutioii,  that  might  enable  ns  to  distingnisli  them 
Iniiii  iiiyH  t't'llKrUxl  liy  matter  not  endowed  with  life.  But  this  hope 
1(111  Hill  kiiiou  i'tvili>i(Hl,  nor  does  it  seem  possible  to  realize  it.  The 
iiHli'imiiiiiiu'  oHii  nut  altoiHl  to  waste  his  energies  on  hopeless  speculation 
aliiiiil  niDtttirs  of  whi<«h  he  cnu  not  learn  anything,  and  he  therefore 
li'iivitH  IIiIh  i|uestiou  of  the  plurality  of  worlds  to  others  who  are  as 
iHitii|i(iLi<iit.  to  diHcuss  it  as  he  is.    All  he  can  tell  the  world  is: 

lie  wUo  thraaKli  vast  immensity  can  pierce, 
S>'i'  norlda  on  wnrlda  couipaHe  one  univenwi 
OliKi'rvo  how  Bynti'iii  into  ajratt'm  rnna, 
Wbnt  uthur  planeto  circle  other  sudb, 
WIiKt  vurie<l  being  peoples  every  star, 
Mh)'  t«ll  why  lli-aveu  haa  made  as  aa  we  are. 
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THE  INVESTIGATIONS  OF  HERMANN  VON  HELMHOLTZ  ON 
THE  FUNDAMENTAL  PRINCIPLES  OP  MATHEMATICS 
AND  MECHANICS.' 

By  Dr.  Leo  Eoeniqsbebges. 


Distiogiiished  assembly,  we  are  met  to  celebrate  the  anniTersary  of 
that  day  vheu  an  honored  and  enlightened  ruler  of  this  laud  infused 
new  life  into  oar  aniversity,  and  inaujirarated  that  era  of  jn^at  scien- 
tific achievements  of  which  we  shall  shortly  commemorate  a  completed 
centmy. 

At  soch  a  time  onr  tfaonghts  naturally  torn  with  vcDoratioD  and 
g:ratitade  to  onr  late  illustrious  rector,  Von  Ilelmhottz,  who  constantly 
Etrove  with  keenest  interest  and  most  energetic  effort  to  broaden  and 
strengthen  the  foundations  of  the  prosperity  and  reuowu  of  this  insti- 
tution. Surely  we  can  express  our  gratitude  no  more  appropriately 
thau  by  revering  that  great  scientist,  who  during  his  administration 
was  the  pride  and  ornament  of  our  university  and  our  fatherland. 

Thus  we  dedicate  these  festal  hours  to  the  memory  of  one  of  the  g^ea^ 
est  and  most  profound  scientists  of  tliis  century.  I  will  ask  you  to 
regard  his  achievements  from  the  standpoint  of  the  mathematician,  a 
science  of  which  he  was  tboronghly  fond,  and  which  from  this  very 
place  thirty-three  years  ago  today  he  so  clearly  and  beautifully 
described  in  these  words: 

We  see  in  the  science  of  mathematics  the  conscious  logical  activity 
of  the  hnmau  mind  in  its  purest  and  most  perfect  form.  While  we  are 
impressed  with  the  arduous  labor  of  its  procedure  and  the  difficulty 
of  forming  and  comprehending  its  abstract  conceptions,  we  at  the  same 
time  learn  to  confide  in  the  security,  reach,  and  IVnitfuloess  of  its  rea- 
aoDiDgs. 

It  is  but  a  short  time  since  the  whole  world  mourned  the  loss  of 
Hermann  von  Helmholtz,  who  was  associated  with  our  university  fttim 
1858  to  1871,  when  at  the  height  of  bis  fame,  and  who,  with  Buusen 
and  Eirchhoff,  made  it  a  great  center  of  scientific  research. 

'Lecture  deliTeiMlou  the  ocoaaiun  of  tlie  diatrlbutioo  of  academii:  prizes,  K or rm- 
W  22,  1895,  the  birthday  BQsiversar;  of  the  late  Grand  Diiko  Karl  (^iedrich,  by 
Dt.  Leo  Koenigaberger,  privy  councillor  of  Badeu,  jirofeasor  of  math  ■'mattes  and 
proractorof  the  UDireniCy  of  Heidelberg.  Translated  from  the  urigiiial  German, 
pobliahed  by  the  UntveTtity  of  Heidelberg.  Uoiversitiits-Bachdruckerei  toii  J. 
Honiiog,  1(196.     pp.  61. 
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^4  FCKDAiaarrAL  rwascnrxB  or  MASsamt^^tx. 

Hr  wliu  sttmipu  U)  ftdtMjtuteIr  describe  "Oat  inU  '''p"'*"™™»  rf  Ak 

litffVH^  uf  JidltuUulu  to  aoaitbetDSitical  acMutw  mna  sefiar  tn  eaA  ^ 

liie  twv  <ir  tlirwe  liuudrad  pubUBbed  '«Titut|!&.  £>-  all  uf  -diem.  ««^ 

w'Imu   uiutiMMiialMul    laii|n>i:^  u  not  amoved,  exchf   tlH-  lii^eM 

iuUuiTHi  uf  Iht  auttii«mativw(i  br  resaon  ol  tlteir  «aiiiuflut)r  ucaat  la^:- 

iuJ  j'MMMMtfoK.    Hut  tl<«  difficultf  of  tjvaxjn^  esuL  icwwrtdi  ^v-nii  fd 

juMu-in  Itt^v/BUfn  tf|j|>ix«ut  wlieu  we  ouiuuder  tlm  "die  ''j*'*"^"'  ^mH 

Mhfw  hU  uui>dnillel«d  iuvt^tigstkoifi  tliron^  aD  l>rKiiufa«s  of  ■"'*~'^ 

ui'it-u'.'-.     Ill  eliort,  ]^b)>^io)(*^«t,  fibjuciKt.  mxtbaBBiriutKu.  jJdJnniyfcgr. 

atid  luiutUiT  nUkt:  of  uaturtt  uid  art  most  be  be  yrbv  wmM  Tegmi  so 

^f,iit  ;i  tijtiiker  -A*  JlelnboltK  Dot   Bwrelr  irrLh  iriiDder  aati  amamt- 

UM;ijt,  but  fully  iiuil  iutelljgt^utly.    It  wu  uot  tbv  nsTiire  of  kjf  aumd 

U>  \iuir-iut  uiiitiiemsit'H:-d\  iiiveittigstionM  for  tbeir  vina  A&kfc. or  -!<•  4«£cbt 

ill  ttu;  4inwt:ry  of  |»ur«ly  abHtract  tratlii>  dedneed  frtm  ail^tiiraK'  or 

gMUiuKtri':iiI  wjuv4;ptiviiH  tu  fiiid  iiosnible  fature  net  is  i^  e^mtt  nannal 

M:i«iu:Mi.    Ou  tbe  unitmry,  he  obtained  Iue  malhaB»Ora.1  pn>falens  « 

dji4-«t  from  oliMrrvatJoii  of  nature,  and  this  is  eertainlj  the  omly  trae 

way,  ytft  fruitful  ooiy  in  tlie  bands  of  bo  great  a  Biat4cr.    Hi&  staitiBg 

jM^iut  w^ui  lli«  aiioui  that  Hcience,  wbor<e  aim  it  is  to  appniM'iid  natmc, 

ujuKt  atjiiiit  that  nlie  in  (;ai>abld  of  being  nodn^tood.  and  fcr  bia  tbat 

meant  nu  If-^K  tban  wbut  bin  ^eateat  papil,  Heinrk-h  Heilx.  baa  said: 

"Ttie  iiKJiitKHary  lijt;i(!iil  ('imMui|ueucc8  of  the  inner  o(nc«[>tions  of  ooter 

|i)ieiii>m<fiia  H)uju)d  tAtntix]HHid  witb  the  necevsary  natoral  amseqnent-es 

uf  tli4;  jtlti-nomi'iia  vAtticvlveil  uf,  wbivb  re^ioires  that  tbe  problems  of 

iiatiii'K  ribould  lni  matliematicaUy  formulated."    Thus  in  all  hi£  works 

apjM-iirti  an   invxhauistibie  richneHH  of  resulte  full  of  jnt*««st  from  a 

purt^ly  matlittniiitii^al  |>oiiit  ot  view,  that  Devertheless  fiod  a  mecbaDical- 

pliyitical  Higuifit^ani^e,  and  tben  lead  to  the  dinooTery  of  profound  and 

Kt-neral   natural   lawH,  which,  when  divested  of  their  mathematical 

(;x[M»titi<(n,  have  j)re])are4l  the  way  not  only  in  tbe  natoral  sciences,  bat 

uIho  in  tlie  world  at  inrne,  for  eHHeutially  new  conceptions  of  tbe  pro- 

Ktt\ttri'.  of  natural  events.    He  was  interested  in  mathematical  inveati- 

ItiitiohH  for  tliWr  own  sake  only  in  treating  of  Uie  axioms  and  foanda- 

tionit  uf  niutliuniatiual  science.     With  this  aim  he'made  researches  in 

r>iu-ti  nf  thtt  thriMt  irri-nt  brauehes  of  mathematics — geometry,  arithme- 

whicli  have  marked  radical  advances  both  in 

:e  whole  development  of  mathematical  pbysica. 

with  the  methods  of  other  distinguished  mathe- 

the  same  or  similar  investigations,  he  continnally 

s  by  references  to  observation  and  experience  in  » 

lio  most  abstract  mathematical  truths. 

euiutit-s  in  its  whole  extent,  as  I  shall  here  regard 

lepcndeut  primary  conceptions,  those  of  space,  of 

he  province  of  geometiy  embraces  considerations 

imetiu  embraces  time,  aud  the  relations  of  mass 

tnstitute  tbe  subject-matter  of  mechanics   and 

Tbe  view  brought  forward  by  Eont  that  space 
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and  time  are  traiieceDdeDtal  forms  of  peioeptioD  which  are  more  exactly 
determined  by  the  axioms  was  almost  universally  accepted  am<mg 
mstfaematicians  and  philosophers  till  Helmholtz  brought  the  matter  so 
(ar  within  the  scope  of  his  iDvestigatioDB  as  to  raise  question  with 
r^ard  to  the  a  priori  existence  of  these  axioms.  His  objections  were 
based,  not  on  the  ground  of  abstract  mathematical  considerations,  as 
bad  been  the  case  in  part  with  those  of  Ganss  and  Biemaun,  bat 
physioloe^ical-optical  researches  had  caused  him  to  consider  the 
source  of  the  general  perception  of  space,  and  he  was  very  soon  led  to 
the  conviction  that  only  the  appearance  of  space  relations  causes  us  to 
grant  as  self-evident  that  which,  in  reality,  is  a  particnlar  characto'- 
istic  of  oar  exterior  sarroaudings,  and  we  therefore  regard  the  axioms 
of  geometry  as  laws  given  by  transcendental  perception. 

As  early  as  1852,  in  liis  academic  dissertatioD,  delivered  at  Konigs- 
berg, "  Upon  the  nature  of  human  sensations,"  he  showed  by  a  tborongb 
phyidologieal-physical  comparison  of  objects  and  their  corresponding 
aensations,  that  light  and  color  perceptions  are  only  symbols  for  the 
actually  esisting  relations^  and  thns  he  paved  the  way  for  fhrther  * 
progress  in  the  investigation  of  the  nature  of  sense  perceptions. 
According  to  what  may  be  termed  the  "nativistic"  theoiy  of  form 
perception,  it  is  assumed  that  the  retina  itself  discerns  impressions 
with  reference  to  its  own  surface,  particnlar  forms  being  therefore 
distingaished  by  means  of  an  innate  mechanism,  and  thus  the  special 
localization  of  each  impression  is  given  by  the  simple  perception. 
Opposed  to  this  is  the  empiric  theory  of  which  Helmholtz  was  the  « 
originator.  By  this  theory,  on  the  other  band,  the  sense-percepdoDS 
serve  only  as  the  symbols  to  onr  conscioasness  of  outward  things 
and  events,  whose  significance  is  referred  to  onr  judgment.  Follow- 
ing this  theory  it  wonld,  for  example,  be  unnecessary  that  in  the 
perception  of  difference  of  position  there  should  be  any  similarity 
between  the  local  sight-symbol  for  this  interval  and  the  correspond- 
ing external  difference  of  position;  or  that  in  general  an  exact  cor- 
respondence should  exist  between  the  laws  of  thought  and  percep-  * 
tjon  and  those  of  the  outside  world.  These  physiological-philosophical 
views  were  elaborated  in  a  series  of  researches,  interesting  also  from  a 
mathematical  standpoint,  which  appeared  in  the  years  1862  to  1864 
andw  the  title  ''Upon  the  horopter."  The  horopter  was  defined  by 
him  as  the  geome^cal  position  of  those  points  in  space  whose  images 
are  formed  upon  corresponding  parts  of  the  two  retinas,  and  therefore 
are  perceived  as  single.  The  general  form  was  found  by  him  to  be  a 
carve  in  space  of  the  third  degree.  Designating  as  a  line  horopter  the 
sarface  upon  which  right  lines  of  a  given  direction  most  lie  in  order 
that  during  a  continuous  congrnent  displacement  upon  this  surface  the 
images  of  the  whole  lines  shall  correspond,  without  necessary  corre- 
spondence of  the  separate  points,  it  was  shown  by  Helmholtz  that  for 
the  vertical  and  horizontal  horopters,  or  for  lines  which  in  both  fields 
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of  vision  appear  normal  or  vertical  to  the  retinal  horizon,  these  hof- 
teces  were  of  tbe  second  degree.  An  exact  matbematical  discassion  of 
them  appeared  iu  his  Pliysiological  Optics,  with  the  addition  of  tbe 
assnmptioD  of  the  asymmetry  of  the  retina  and  a  somewhat  modified 
deflDitiou  of  the  identical  points  in  the  two  retinas.  Thus  there  was 
growing  np  within  him  the  conviction,  based  on  incontrovertible  mathe- 
matical-physical reasoning,  that  since  in  the  act  of  seeing  there  are  two 
channels  through  which  the  seosations  come  separately  to  tbe  brain, 
there  to  be  blended  to  form  a  single  perception  of  the  material  world, 
through  an  act  of  intelligence  dictated  by  experience,  it  is  altogether 
impossible  to  separate  that  part  of  onr  perception  which  corresponds  to 
tbe  simple  seuBation  twm  that  which  is  the  result  of  esperience.  It' 
appeared  lUso  that  only  in  the  relatione  of  space  and  of  time  and  of  the 
function  derived  ftom  them,  number — that  is,  only  in  mathematics— is 
tbe  outer  and  inner  world  the  same,  and  that,  therefore,  here  alone  can 
a  complete  correspondence  between  the  images  and  the  things  per-* 
ceived  be  expected.  The  questions  now  arose,  In  what  manuer  is  this 
corresi>oudeuce  of  space  and  time  perceptions  with  the  things  which 
give  rise  to  them  brought  about;  what  in  the.se  perceptions  is  a  priori;  ' 
what  tbe  result  of  experience,  aod  what  is  the  origin  of  space  percei>-  ' 
tions  in  g«ueralT 

An  invesligiition  of  these  questions  appeared  in  a  memoir  published 
in  IS6S,  "  On  the  data  which  form  the  bjtsis  of  geometry,"  Helmholtz 
guarded  himself  perhaps  ^m  raising  objections  to  Kant's  concei>tioD 
ital  form  of  perception ;  bat  be  made  himself 
iD  by  nienns  of  the  senses.  Thus,  for  example, 
irganiziition  of  our  eyes  that  all  which  we  see 
lation  of  colore  u)>ou  a  surface,  and  this  dis- 
ot  necc&sarily  condition  any  particular  series 
space.  The  question  might  then  be  raised 
tr«n$i-er.deutal  space  perception  theassnmp- 
r,  or  at  the  same  time  with  a  given  space  per- 
led  by  it  nins't  apiiear;  or,  in  other  words, 
of  certain  axioms  is  necessarily  implied.  In 
^h  iH'twe^n  the  logical  development  of  geom- 
iv«l  fr\>m  experience,  wbicb  are  apparently 
rsof  thvuight.  he  rec«>{niiied  as  the  basis  of 
the  sv»imetrj-of  Euclid  the  proof  of  tbe  con- 
«v.  and  ihere«ri;h  a^  a  {wstulate  the  supposi- 
lu  l>e  l'r\>uslu  losotlKT  without  alteration  in 
Ue«!»s  tl;en  wutrvnted  with  the  question 
of  (he  ix\ss:l>:I:ty  of  fiwe  uitvement.  which 
w  our  e«r',\-st  y»Mi:h,  conisiins  no  logically 
i  by  [■r\»:,-,i:  li  irvest-^ationof  tbe  question  he 
tvry  jrivat  rU-rw  of  wrtainty  that  it  did  not 
>«Kftr>  l;-.;-.;:(xt  :o  twv  tUoiensions.  as  it  might 
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conceivably  be,  for  example,  to  beings  living  on  the  sni&ce  of  a 
solid  body  and  vitlioat  the  ability  to  perceive  anything  oatside  of  this 
surface.    For  ns,  dwellers  in  space  of  three  dlmenBions,  it  is  possible 
to  conceive  what  manner  of  perceptions  of  space  beings  limited  to  two 
dimensions  woald  Lave,  thongh  we  can  not,  on  the  other  hand,  con- 
ceive of  space  of  more  than  three  dimensions,  because  all  oar  means  of 
perception  extend  only  to  tridimensional  space.    What  wonid  in  the 
case  of  dwellers  in  two  dimensions  become  of  these  axioms  of  onr 
geometry:  (a)  Between  two  points  only  one  shortest  line,  the  straight 
line,  can  be  drawn ;  {b}  through  tbree  points  not  lying  in  a  straight  line  a 
HDrface  called  a  plane  can  be  passed,  such  that  all  straight  lines  joining 
any  pairs  of  points  upon  it  lie  wholly  within  the  surface;  and  finally, 
{e)  if  two  straight  lines  lying  in  the  same  plane,  which  never  meet,  how- 
ever far  i^odnced,  be  defined  as  parallel,  only  one  line  parallel  to  these 
can  be  drawn  through  a  point  not  lying  upon  either  of  them.    AVliat 
vonld  become  of  these  and  of  all  the  other  axioms  that  require  the  con- 
tinuity of  geometrical  fignrest    The  surface  dwellers  would  in  general 
draw  shortest  lines  between  two  points,  which,  however,  would  not  nec- 
essarily be  straight  lines,  and  which  Helmholtz  called  straightest  lines. 
Bnt  in  the  simplest  case,  a  sphere,  an  infinite  number  of  straightest 
lines  might  be  drawn  between  the  two  poles,  thongh  parallel  straightest 
linescould  not  be  drawn,  and  the  snm  of  the  angles  in  a  triangle  would 
be  difi'erent  from  two  right  angles.    These  beings  wonld,  like  ns,  find 
space  endless  thongh  of  finite  exteut,  and  in  the  development  of  a  geom- 
etry they  wonld  have  other  axioms  than  we,  but  they  could  still  move 
their  figures  about  the  sphere  at  will  without  altering  their  dimensions. 
Yet  this  peculiarity  wonld  in  general  be  lost  npon  surfaces  of  other 
forms,  since  only  those  surfaces  possess  it,  which  have  at  all  points  a 
constant  curvature,  and  of  these,  surfaces  of  a  constant  positive  or 
negative  curvature  other  than  spherical  are  such  as  may  be  unwrapped 
fhiin  a  sphere  without  bending  or  tearing,  and  may  be  called  pseado- 
spbericid.    An  analytical  investigation  of  sarfaces  of  this  latter  kind 
shows  that  it  is  possible  for  straightest  lines  to  be  infinitely  extended 
without  ever  returning  to  the  surface,  and  that,  as  in  the  plane,  only 
two  i>oints.     But  the  validity  of 
ongh  a  point  outside  a  straightest 
;btest  lines  may  be  drawn,  which 
the  first.    Thus  the  tbree  axioms 
infiBcient  in  order  to  characterize 
Btry  holds  in  distinction  from  all 
as  plane.     Passing  now  to  space 
:  it  as  a  domain  of  quantities  in 
be  determined  by  three  measare- 
her  threefold  extended  subjects 
\B  the  arrangement  of  systems  of 
whether  we  may  discover  special 
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ahxruKtevxtiai'ffnaritfate.    ThuBit  mxyltt  Atrwm  Ajt  «ark  peealiar- 
ititm  tUt  iinl'-*^!  Hxint  vfaiirb  ilej^nd  aa  the  eoBpteCefr  fr«e  ■oCaon  (rf 
MiVui  t«<MliMwit)iortt  (change of  form,  aod  on  the  portieslar  v^atee  of  the 
mtvnurt^  of  imrt'atnre.     In  tbe  fpae*  nodcr  n!>a sidccatioc  dais  mast  be 
{rfifc  fujiiHl  l^f  7«r'> — an  it  JK,  aiming  rarfaees.  for  iIk  pl^ioe  aloae  and 
nitifafj-H  ihnivitl  from  it  in  <frder  to  give  ri.«e  to  tl>«  ax>mi«  of  Eadid 
cirr-cmiitiff  t.ltf-  Hiiij^larity  of  tbe  ttbortest  line  and  the  «ssaitia]  cod- 
dllioiin  U)  [(Hrait'diNm.    irthecarvaturewasdiffcrent  from  zero. triangles 
nf  Itf-ui  uTtfn  triiuld,  it  in  trne,  have  for  tbe  ram  of  tfaetr  angles  a  ralae 
(W y'ff'it  in im  Miiiallifr  oiien;  hat  the  result  of  geometrical  and  astro- 
IH  riilaii  iriftHHrirnmHiitK,  wliicli  always  nives  the  mm  of  the  angles  of  a 
triitrit(l<!  iiH  very  near  but  never  exactly  eqaal  to  two  right  angles, 
wiUTiiiitH  tiH  »nly  in  tlie  concliiBJon  that  tbe  measnre  of  cnrvatnre  for 
(I'lr  K|)iii'(«  Im  4ixlrc>mi:ly  Hnialt,     It  can  not  be  proved  that  its  ralae  ia 
■/jmi>    It   In   an  axiom,     llclmholt}'.   went,  however,  still  fhrther.     He 
Hlutwi-il  Uifit.  IJin  (^niHJdt'rntion  of  a  Hpberical  or  pseadospherical  world 
I  i>v(i)(>|i<>(l  by  HualiiKy  from  tlie  plane  migbt  be  extended  in  all  direc- 
(IriiiM,  HI)  l.liiif.  tlm  iixliiitifi  of  our  geometry  tbroagboat  can  not  be  fixed 
In  Itii'li'  )in-Hi>iil.  fiinn  by  uiir  iiitnitive  faculty.    And  be  even  made  it 
ii)i|M>iir  jiIaiiKllilo  tliJit.  ir  our  eyes  were  provided  with  saitable  convex 
;rliiKNi>H  wi>  iniKlit  ■■OHIO  til  lofik  upon  the  paendosphericnl  space  as  qait«  ^ 
tiiil  iinil,  itiitl  I  lint  W(i  would  be  dt-ccived  in  our  estimations  of  size  and 
illHliiiicn  only  In  ttut  llrot  few  inntanceH. 

'I'ticmi  rKHi'arclii'H  InriiKHl  In  part  tbe  8abject.a  of  some  lectnres  dcliv- 
Ki'cil  111  lli'lili'lliiM);  In  ISliS,    Twenty  years  later  bo  referred  again  in 
liU  iirlli'lo  1)11   "HIioHest  lines  in   tbe  color  system"  to   the  results 
>ililiilii(>il  hy  liinmi'lC  anil  Iticmann.    Tbey  found  that  nlltbecharacter- 
InlliniiC  (Ml  I'  ]iintliiilur  kind  uf  Hpace  maybe  derived  from  tbe  fact  that 
mill  nmy  I'vi'irMH  llii'  ili.tlaiK'c  ln'lwo*'n  two  neighboring  points  in  terms 
111'  Mm  i'iiiii>s|nitnliug  hxTcntenla  of  tlicir  coordinates.    To  know  the 
.11..1..1.....  1...1 ........  I...,  |H)intsol'  H  solid  it  rei|uire8  tbat  these  end  point« 

t;ivt'H,  and  the  distance  shall  remain  constant 
iiovt'iiicnts  and  displucemeutfi  tbe  solid  body  be 
ii-<l.i ,  llfbniiolt/  pro]H>sc«I  to  determine  colors  by  the 
aidildy  obos^n  primary  colors  required  to  prodnce 
cidors  takinj:  tbe  phuv  of  coordinates.  In  this 
iini  of  ditlVtvmi'  K-twinni  two  colors  nearly  alike 
dist:u)tv  l»»>!«<-»u  |M>ints  in  spacer  lie  dednced  a 
111  *'\i>n'>-ili'ii  wliirli  be  b>'t>etl  would  play  tbe  same 
t»  diiUnviui'  iu  line  tti:H  the  fomiola  for  the  length 
\  iUh's  tn  j;<\'!iu[ry.  This  expivssioii  determined 
;liimvo»  ;ii:d  bi!c  wlivh  (HHHrs  itirTes|»onding  toa 
I'  ill  III"  »iiiu;:i:::cs  m'  th^  three  i^mary  colors 
u.  ,Vi\»K>.;v'«>s:j-  Co  t'.>>  sh»»rteet  line  between 
vsl  .K  lit*"  s''.'r:i.-ir  -itT-i-;  of  v»lors  th:it  series  of 
W'tw^vu  itM-ii  tivl  ivVrs  »!"  d'.AeiMtt  brightness 
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and  hne  for  which  the  sum  of  the  perceptible  differences  is  »  mini- 
mnm.  This  conception  of  the  Held  of  color  sensation  led  him,  in  the 
meiDolr  on  "The  extinction  of  the  application  of  the  law  of  Fechner 
in  the  color  system,"  to  extend  this  law,  whioh  contemplated  only 
cbsDgeB  of  brightness  in  a  light  of  a  constant  color,  to  embrace  a 
diversity  of  cases  of  more  than  one  dimension,  and  to  take  into  con- 
BideratioD  the  greatness  of  soccessire  gradations  of  the  tone  and  of 
the  satoratiou  of  colors  corresponding  to  change  in  the  brightness. 

In  one  of  his  last  investigations  "On  the  cause  of  the  correct  inter- 
[vetation  of  sensory  impressions,"  he  retnmed  again  to  the  qaestion  of 
space  perception,  and  was  Ie<1  to  very  acnte  and  significant  philosoph- 
ical coDsideratioQs  upon  the  subject.  The  perception  of  the  stereo- 
metric form  of  a  material  object  played  for  him  the  ntle  of  one  of  a 
great  namber  of  cases  of  impressions  derived  throngh  the  senses  which, 
quite  independently  of  the  geometrical  definition,  c»n  only  be  bronght 
together  by  an  nnderstaiiding  of  the  law  in  accordance  with  which  the 
perspective  impressions  follow  eacli  other.  Starting  with  thiB\'iew,  he 
recognized  oar  anconscions  mental  activity  as  the  canso  of  the  merging 
together  of  separate  impressions  with  results  essentially  like  those  of 
oar  conscious  thinking.  According  to  Ilelmlioltz,  the  conclasions  of 
indaction  are  nothing  more  nor  less  than  the  expectation  that  the  phe- 
nomena observed  in  their  beginning  will  proceet)  in  a  way  correspond- 
iog  with  our  previous  observations,  and  false  induction  is  identical 
with  deceptions  of  our  senses;  so  that  our  science  is  only  the  expres- 
fflon  in  words  of  such  knowledge  as,  with  our  natural  organization  and 
with  the  help  of  the  conclusions  of  indactiou  depending  on  the  uncoo- 
Bcious  activity  of  our  minds,  we  are  able  to  collect. 

Long  after  the  publication  of  hia  memoirs  on  the  axioms  of  geometry 
he  returned  again  to  a  similar  subject  in  his  investigation  of  the  theory 
of  the  conception  of  number  and  measure,  in  a  paper  dedicatc^l  to 
Edward  Zeller,  in  1887,  on  the  fiftieth  anniversary  of  taking  his  due- 
tor's  degree.  Id  thia  paper  he  opitosed  the  view  of  Kant,  that  the  ^ 
axioms  of  arithmetic  are  laws  given  a  iiriori,  which  determine  the 
transcendental  perception  of  time  in  the  same  sense  that  the  axioms  of 
geometry  govern  that  of  space.  He  investigated  the  significance  and 
correctness  of  calculation  with  pure  numbers  and  the  possibility  of 
tbeir  application  to  physical  rjuantities.  As  he  derived  from  consid- 
ering numeration  that  we  are  able  to  retain  in  mind  the  order  of  suc- 
cession in  which  acts  of  couscionsneHs  are  i>erfornied,  the  science  of 
pure  Dnmbers  was  for  him  essentially  a  method  built  up  on  physio- 
logical facts  for  the  consistent  application  of  a  system  of  signs  of 
unbounded  capacities  for  extension  and  improvement,  with  the  purpose 
of  representing  the  different  methodsof  combining  these  signs  to  reach 
the  same  float  conclusion.  After  dedncing  from  this  conception  a  dc6- 
nitioD  of  the  regular  series  of  positive  whole  numbers  and  the  signifi- 
cance of  their  snccession,  he  proceeded  to  establish  the  coix^eption  of 
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Many  physiologiBts  of  the  time  assamed,  quite  in  defiance  of  the  lavs 
of  mechanical  natnral  philueopby,  that  throagh  the  action  of  the  so-  it 
called  life  force  the  ordinary  natural  forces  might  be  g^ierated  vithont 
Hmit.  lo  his  "Theory  of  the  physiolosical  heat  phenomena"  Helm- 
holtz,  starting  from  the  proposition  based  on  mechanical  lavs  that 
a  given  qnantity  of  a  moviug  force  can  never  by  any  complication 
of  mecbanism  produce  more  than  a  definite  corresponding  qaautity  of 
motion,  proceeded  to  discuss  tbe  qnestion  of  the  sonrce  of  animal  v 
heat — so  weighty  in  the  theoretical  consideration  of  life  processes. 
The  resolts  of  this  investigatiou  and  of  that  simaltaneoasly  in8titat«d 
"  Upon  tbe  evolution  of  heat  attending  muscular  action*'  gave  bim  the 
verification  of  tbe  great  law  of  tbe  conservation  of  energy  which  formed 
the  subject  of  a  lecture  before  the  Physical  Society  of  Berlin  in  the 
fear  1847.  It  wascertaioly  an  interesting  moment  iu  tbe  history  of 
the  sciences  when  thirty  years  ago  to-day  one  of  the  most  distinguished 
physicists  of  this  century,  Gustav  Kirchhoff,  in  the  course  of  his  beauti- 
ful and  lumiuoiis  discourse  "  On  tbe  goal  of  tbe  natural  sciences," 
delivered  from  this  sjKit,  and  iu  the  presence  of  Helmholtz,  declared 
the  discovery  of  this  law  undoubtedly  the  most  momentous  which  has 
been  made  in  the  province  of  natural  science  daring  tbe  present  century. 
Hertzal&o,  in  his  posthumous  work,  "The  Principles  of  Mechanics," 
asserts  that  physics  at  tbe  end  of  our  century  has  turned  its  preference 
to  ao  entirely  new  method  of  thought,  and,  influenced  by  tbe  tremendous 
nnpresaioD  made  by  Helmholtz's  discovery  of  the  constancy  of  energy, 
it  is  now  preferred  to  refer  all  phenomena  in  their  analyses  to  the  laws 
of  transformation  of  energy.  For  the  sake  of  a  proper  appreciation 
of  this  great  discovery  of  Helmholtz,  aa  well  as  of  his  later  fundamental 
researches  upon  tbe  principles  of  mechanics,  I  must  here  briefly  review 
the  historical  development  of  theoretical  mechanics. 

Prom  the  early  investigations  of  tbe  lever,  the  pulley,  and  the 
inclined  plane,  there  were  soon  developed  tbe  general  conceptious 
which  are  the  basis  of  the  science  of  equilibrium.  With  the  definition 
of  work  a^  the  product  of  a  force  by  the  infinitely  small  displacement 
of  a  material  particle  along  the  direction  in  whicli  the  force  is  measured 
arose  tbe  principle  of  virtual  velocities,  upon  which  rests  the  theory  of 
statics.  According  to  this  principle,  a  material  system  is  iu  equilib- 
rium when  for  each  virtual  displacement — that  is,  a  displacement  com- 
patible with  the  connection  of  the  system  of  points — the  total  work 
done  within  the  system  is  equal  to  zero.  After  tbe  discovery  of  the 
inertia  of  masses  by  Qalileo,  and  the  conception  of  gravitation  by 
Newton,  the  development  of  mechanics  was  founded  upon  tbe  three 
famous  laws  of  Newton.  These  may  be  stated  as  follows:  (a)  Every 
body  remains  in  a  state  of  rest  or  of  uniform  motion  iu  a  straight  line 
unless  compelled  by  outside  force  to  change  that  state;  {b)  tbe  accele- 
ration of  a  material  {wiot  by  the  action  of  a  constraitiing  force  takes 
place  in  the  direction  in  which  the  force  acts  aud  is  equal  to  the 
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intensity  of  tlie  force  divided  by  the  mass  of  tlie  material  i>oint;  and 
(r)  the  actions  of  two  bodies  u|x>u  eacli  otber  are  always  e<jaal  and 
take  place  in  opitosite  directions.  From  tbese  laws  there  follows,  for 
Kewtonian  forces  at  least,  and  with  tbe  assumption  of  a  rigid  connec- 
tion between  the  points  of  the  system,  the  principle  of  d'Alembert 
which  holds  sway  in  the  whole  province  of  dynamics.  If  we  designate 
as  supplied  forces  those  which  must  be  made  to  act  at  each  i>oint  in 
order  that  it  slioultl  move  if  separated  from  the  system  as  it  actmtlly 
does  move,  then  the  principle  of  d'Alembert  asserts  that  all  the  sop- 
plied  forces  Hiitlice  to  maintain  equilibrium,  and  thus  furnishes  the 
mathematician  a  method  of  determining  for  any  moment  the  sitnation 
of  all  [Hiints  of  the  system,  when  the  constraints  of  motion  of  the 
points,  the  forces  which  act  upon  them,  and  the  place  and  velocity  of 
one  of  the  points  are  known  for  the  moment  under  consideration. 
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and  based  upoii  the  negative  issue  of  nameroos  futile  attempts  to  con- 
struct a  perpetual  motion.  This  great  general  law  governing  tbe  qnan- 
titatire  relations  whicb  must  sabsist  during  all  transformations,  does 
not,  however,  determine  whether  work  can  be  chaaged  into  heat  witb- 
oat  reserve,  and  vice  versa,  and  the  same  uncertainty  exists  with 
regard  to  light,  electricity,  and  otiier  forms  of  energy.  These  are 
(juestjons  whose  answer  shall  later  exhibit  the  deep  and  comprehensive 
significance  of  the  energy  conception  in  mathematical  physics. 

After  Helmboltz  had  investigated  the  physical  aspects  of  this  fbnda- 
mentat  principle  of  mechanics  from  most  varied  points  of  view,  be 
tamed  his  attention  to  physiological  researches  growing  out  of  his  notice 
on  tbe  "Theory  of  acoustics,"  and  from  this  to  very  general  mechanical 
problems  and  special  hydrodynamic  investigations.  In  the  year  185S 
appeared  his  famous  memoir  "Upon  tbe  integrals  of  tbe  hydrcxlyDamic 
equations  wbicb  correspond  to  wave  motions."  This  research  formed 
the  foundation  for  an  entirely  new  conception  of  tbe  motions  of  fluids, 
wbicb  was  later  made  fruitful  in  varions  branches  of  physics,  notably 
by  W.  Thomson  (Lord  Kelvin)  in  his  theory  of  vortex  atoms,  and  by 
other  physicists  as  welL  Upon  the  assumption  that  for  a  perfect  fluid — 
that  is,  one  in  wbicb  ttiere  is  no  friction  between  tbe  particles — tbe 
pressure  is  equal  in  all  directions,  Euler  and  Lagrange  bad  already 
obtained  analytical  relations  between  tlie  pressure  in  the  fluid,  its 
density,  tbe  time,  the  coordinates  of  the  particle  under  cousideration, 
and,  on  the  one  hand,  the  velocity  components;  on  the  other,  the 
position  of  this  particle  at  the  beginning  of  tbe  motion.  Further,  they 
bad  inferred  the  so-called  continuity  eqnatioD,  wliicfa  required  that  the 
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puticle  in  space,  an  eztensiou  or  coatractioa  aloDg  three  directions  at » 
right  angles,  and,  finally,  a  rotation  about  a  temporary  axis.    The  exist- 
ence of  a  rotation  is,  however,  excluded  when   a  velocity  i>otentiat 
exJBta.     Helmholtz  designated  forms  of  displacement,   for  which  a 
velocity  potential  is  not  to  be  derived,  as  vortex  motions.    In  deter- 
mining the  change  in  the  velocity  of  rotation  during  the  continuance 
of  motion,  he  discovered  that  those  particles  of  Duid  which  do  not 
already  posaess  rotation  do  not  have  such  motious  imparted  to  them  in 
the  progress  of  tbedistnrbance.     Defining  a  vortex  line  as  a  line  whose 
direction  is  tbronghoat  coincident  with  the  direction  of  the  instantaue- 
onely  existing  axes  of  rotations  of  the  particles  along  it,  a  remarkable 
law  was  deduced,  which  may  be  expressed  as  follows:  A  vortex  line 
remains  continually  with  the  same  particles,  progressing  with  these 
particles  through  the  llnid.  and  the  value  of  the  resulting  velocity  of 
rotation  for  any  particle  of  the  fluid  varies  directly  with  the  distance 
of  this  particle  from  its  neighbors  in  the  vortex  line.     If,  further,  we 
designate  as  a  vortex  thread  the  portion  of  the  fluid  inclosed  within 
an  indefinitely  thin  mantle  of  vortex  lines,  the  product  of  the  velocity 
of  rotation  by  the  cross  section  of  the  vortex  thread  is  constant  through- 
out its  whole  length,  and  so  remains  during  a  progressive  motion  of 
the  same.     It  follows  that  a  vortex  thread  can  never  cease  within  the 
boundaries  of  the  fiaid,  but  must  be  either  a  closed  ring  wholly  within 
tbe  fluid  or  must  continue  to  its  boundaries.     In  the  attempt  to  deter* 
mine  irom  the  velocity  of  rotation  the  velocity  of  translation,  Helm- 
holtz succeeded  by  methods  of  great  mathematical  interest  in  making 
it  possible  to  form  a  conception  of  the  forms  of  motion,  though  the 
iroblem  was  possible  only  in  the 
linary  circumstances  relative  to 
vortex  threads  and  vortex  rings 
of  the  fluid  and  are  permanent, 
rortex  rings  whose  axes  are  the 
ion  of  rotation  vould  proceed  in 
ing  distended  and  moving  slower 
>nceutrate  itself  and  move  faster, 
translation  lie  within  certain  lim- 
ader,  pass  through  it,  and  assume 
re.    This  procedure  would,  how- 
rtex  motions  be  very  soon  inter- 
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ive  the  form  of  vortex  rings,  with 
le  continuity  of  matter  and  the 
:1  in  connecting  the  results  of  the 
on  of  solid  bodies  in  fluids,  and 
which  aim  to  eliminate  action  at 
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a  diBtance  fmm  tbe  province  of  physics.    To  this  latter  point  I  shall  * 
return  in  discussing  later  researcbes  of  Helmholtz. 

Helmhottz  soon  became  dissatisfied  witb  bis  bydrodyuainic  investiga- 
tions tlins  far  referred  to,  and  in  tbe  conrse  of  tbe  preparation  of  hiB 
famous  baudbook  of  pbysiolujiical  optics  he  became  convinced  that,  in 
onler  to  eliminate  the  discordance  between  tbe  results  of  tbeory  and 
experiment  in  the  investigation  of  tbe  problems  of  motion  uf  liqaids,  it 
wonbl  lie  necessary  to  take  into  consideration  the  friction  between  the 
liquid  particle-s  and  tbe  sides  of  tbe  vessel.  As  tbe  problem  (due  to 
some  experiment  of  Bessel)  of  tbe  vibrations  of  a  pendulum  ball  onder 
tbe  influence  of  a  surrounding  licpiid  bad  already  been  treated,  he 
investigated  apon  tbe  biisis  of  Bessel's  observations,  witb  tbe  belp  of  the 
already  known  ei|nations  of  motion,  tbe  condition  of  tbe  interior  of  a 
liquid  mass  which  is  subjected  to  the  friction  protluced  by  tbe  pro- 
gresnive  rotary  vibrations  about  one  of  its  diameters  of  a  pendulum 
ball  consisting  of  a  liquid  producing  friction.  He  succeeded  iu  solving 
tbe  problem  matheniuticaljy,  expressing  the  wave  motions  of  the  liquid 
produced  by  friction,  and  iu  this  way  was  able  to  check  tbe  experi- 
mentally derived  constiints  of  viscosity  for  various  liquids. 

Two  laws,  imiiortant  both  theoretically  and  practically,  were  discov- 
ered by  bim,  according  to  wbtcb,  under  certain  circumstances,  tbe  flow 
of  viscous  liquids  tbrougb  cylindrical  tubes  is  so  divided  into  stationary 
streams  that  tbe  loss  iu  kinetic  energy  caused  by  tbe  friction  is  a  niiui- 
mupi;  and  in  cases  of  equilibrium  of  a  body  swimming  in  a  slow  sta- 
tionary stream  tbe  friction  itself  assumes  a  minimum  value.  Following 
this,  in  tbe  year  186$,  ai)peared  bis  research,  of  great  interest  for  the 
theory  of  functions,  "On  discontinuous  fluid  motions,"  in  which  he 
investigated  still  further  tbe  discbarge  of  fluids  and  tbe  formation  of 
independent  streams,  and  treated  of  the  discontinaity  of  motion  char- 
acteristic of  fluid  discbarge  and  of  tbe  formation  of  vortices.  Helm- 
bolt/,  assumed  that  from  the  natun^of  the  problem — the  determination 
of  the  origin  of  independent  fluid  streams — a  discontiuuity  must  neces- 
sadly  be  met  witb,  and  that  therefore  tbe  fundamental  bydrodyoamic 
equations  must  admit  the  possibility  of  a  discontinuous  relation 
between  tbe  quantities  appearing  in  them.  In  fact,  in  the  motion  of 
an  incompressible  fluid  tbe  pressure,  whose  diminution  is  directly  pro- 
portional to  the  kinetic  energy,  becomes  negative  when  the  latter 
exceeds  a  certain  value,  and  the  fluid  must  be  then  tern  asunder.  It 
was  shown  that  any  geometrically  comi)letely  sharp  corner  by  which 
tbe  Huid  flows  must,  witb  fair  velocities,  cause  a  parting  of  tbe  liquid, 
but  that  a  blunted  angle  will  only  cause  such  a  separation  when  the 
velocity  is  considerably  greater.  With  tbe  belp  of  the  methods  of  the 
tbeory  of  functions,  tbe  extremely  difQcult  problem  of  the  form  of  tbe 
intlei>endent  streams  was  discussed.  In  this  discussion  it  was  assumed 
"  '  <^pt  ibr  friction,  no  outside  forces  are  acting,  that  the  streams 
>iiary,  that  the  velocity  potential  depends  only  on  two  coordi- 
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aates,  and  that  the  vessel  and  ori&ve  have  siiecial  forms.  Finally,  the 
ralae  of  the  earlier  results  retiitive  to  vortices  was  shown  for  the 
determiaatiou  of  the  motion  of  daid  particles  in  discharge. 

Id  the  early  part  of  hi.s  stay  at  Heidelberg,  and  while  engaged  in  bis 
hfilrodynaniic  researches,  he  was  also  pnrsning  aenustic  and  aerody- 
uamic  iuvestigiitions.  In  his  articles,  "On  com  hi  nation -tones"  and 
"Upon  the  tone  color  of  the  vowels,"  be  again  adopted  the  view  of  other 
physicists  which  he  ha^l  abandoned  in  some  of  hi8  earlier  and  leas 
imi>ortant  works,  namely,  that  each  sensation,  as  it  is  aronsed  by  the 
atmospheric  vibrations  going  ont  from  a  single  sounding  body,  is  com-' 
poaoded  from  simple  sensations  or  U>ne&  such  as  are  caused  by  a  simple 
vibrator)-  motion  of  the  air.  This  hypothesis  he  formulated  mathe- 
matically,  proceeding  irom  the  theorem  of  Fourier  for  the  represonta- 
tloD  of  any  periodic  motion  as  the  sum  of  a  series  of  sine-motious. 
The  pitch  of  a  tone  was  doflned  a.s  the  height  of  the  lowest  of  its  con- 
Htitoent  tones,  which  is  called  the  fundamental,  the  others  being  dis- 
tinguished as  overtones.  Exact  exi>erimental  investigation  showed 
that  the  musical  tone  color  depends  only  on  the  presence  aud  strength, 
bnt  not  OD  the  phase  differences,  of  the  overtones  which  are  inclnded 
in  the  sound.  The  sounds  as  they  ])eiietrate  the  ear  could  be  resolved 
into  their  simple  factors,  and  these  could  be  again  reunited.  The 
soniids  produced  by  the  voice  were  found  to  diB'er  from  the  sounds  of 
most  other  musical  instruments  in  that  the  strength  of  their  overtones 
ilepends  not  on  the  corresponding  cardinal  numbers,  but  on  their  abso- 
lute ptteh.  Throughout  these  researches  we  may  x>eroeive  the  design 
to  make  a  8har]>  distiuctlon  between  the  sensations  in  so  far  ns  they 
consist  in  imiiressions  peculiar  to  our  nerve  apparatus,  soch  as  those 
due  to  overtones,  and  the  perceptions  which  form  oar  ideas  of  outside 
objects,  aa,  for  example,  the  ideas  of  the  sound  combined  from  the  par- 
tial tones. 

In  all  the  previons  considerations  of  acoustics  the  very  far-reaching 
hypothesis  had  been  made  that  the  vibratory  motions  of  the  air,  and 
other  elastic  bodies  which  are  produced  by  the  simultaneous  action  of 
several  sources  of  sound,  are  always  the  exact  sum  of  the  motions  due 
to  all  the  separate  Bound- sources.  Hel ni holts',,  however,  showed  that 
this  l.iwouly  holds  in  strictness  when  the  vibrations  are  of  indefinitely 
small  amplitndes,  aud  therefore  the  density  changes  are  so  slight  that 
they  are  negligible  in  comparison  with  the  whole  density,  aud  the  dis- 
placements of  the  vibrating  i>artieles  are  also  negligible  compared  with 
llie  whole  masses.  A  distinction  wns  made  between  cases  where  this 
law  was  followed  uudisturbed  both  within  and  without  the  ear,  but  the 
se&Siitions  not  accurately  combined  to  form  the  perception,  and  cases 
where  the  combination  tone  was  different  from  the  summation  of  itscon- 
Ktltueiits  from  causes  operating  before  the  auditory  nerves  are  reiM^hed. 

His  studies  in  acoustics  were  soon  pursued  nuicb  further  with  the 
aid  of  the  most  reHued  analysis.    In  his  famous  treatise  on  the  '^Theory 
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of  air  TibratioDS  in  tnbee  vith  open  eiids"  (1859)  ve  find  researches 
analagoas  to  tliose  iu  hydrodynamics  already  referred  to.  The  qaeation 
is  raised  in  what  way  plane  sound  waves,  excited  within  cylindrical 
tabes  and  corresponding  to  simple  tones,  are  modified  upon  passing 
oat  into  the  free  air. 

This  ini|uiry  prepared  the  way  to  determine  the  form  of  Tibration 
which  finally  results  when  the  cause  exciting  the  vibratiot.  operates 
regularly  and  continuously.  The  most  important  of  the  general  laws 
of  the  potential  function  were  found  to  be  applicable  to  sound  waves: 
for  it  WHS  nhown  that  when  Hoand  waves  are  excited  at  a  point  within 
a  space  filled  with  air  their  velocity- potential  at  any  other  position  is 
the  siime  as  this  ((nantity  would  be  at  the  first  point  were  waves  of  the 
same  intensity  excited  at  the  Hetroud,  and  fn>m  this  it  follows  that  the 
phase  difierence  is  the  same  in  both  cases.  Assuming  certain  restric- 
tions iu  the  dimensions  of  the  opening,  Helmholtz  obtained  the  relation 
between  the  plane  waves  within  the  tnbe  and  the  Hemispherical  diverg- 
ing waves  in  the  free  space  at  a  distance,  and  thus  was  able  to  answer 
the  inquiry  with  regard  to  the  influence  of  the  open  end  on  the  plane 
waves.  Further  investigation  gave  the  positions  of  the  maximam 
and  minimum  amplitude  of  vibration  and  the  pitch  of  the  tone  of 
strongest  resonance.  He  treated  the  dilBcuIt  question  for  which  of  a 
series  of  forms  of  tubes  the  motion  of  the  air  in  the  orifice  is  charac- 
terized by  the  greatest  wave  length.  Iii  a  later  memoir  it  was  shown 
that  the  results  of  calculation  agree  better  with  experiment. when  the 
interior  friction  of  the  air  is  taken  into  consideration. 

All  these  results  of  his  acoustical  investigations,  among  which  I  have 
presented  only  those  of  the  greatest  mathematical  interest,  are  contained 
in  connected  order  in  his  famous  work,  "The  study  of  tone  perceptions  ^ 
as  the  physiological  basis  for  the  theory  of  music." 

Among  the  many  re^sults  important  for  the  science  of  music,  it  may 
be  mentioned  that  he  distinguished  in  esact  mathematical  way  between 
melody  as  the  basis  of  music  and  harmony  which  serves  only  to 
increase  the  effect  of  melody,  and  that  he  found  a  mathematical  fonn- 
dation  for  the  observation  that  for  an  harmonious  union  of  several 
tones  tlie  rates  of  vibration  nuiat  stand  in  a  simple  ratio,  in  the  fact 
that  the  partial  tones  accompanying  the  fundamentals  are  disagreeable 
to  the  ear  when  their  relative  vibration  numbers  are  not  in  a  small, 
simple  multiple  of  the  ratio  of  the  fundamentals. 

Befortt  proceeding  to  a  short  act-ouut  of  the  much  later  aerodynamic 
investigations  of  llelmholtn,  so  far  as  they  are  of  interest  to  mathe- 
maticians, some  consideration  is  due  a  memoir  on  the  border  between 
hydrodynamics  and  aeroiiynamics  which  appeared  in  1873  with  the 
title,  "On  a  theorem  concerning  geometrically  similar  motions  of  flnid 
bwlies,  together  with  an  application  to  the  problem  of  governing  air 
balloons."  Hydrwlynamif  equations  were  here  employed  to  enable  the 
I"^^^"**       '  "  wits  of  observation  obtained  by  the  nae  of  apparatus 
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of  a  certain  size,  and  bavlBg  ■  given  vetocity  in  a  mrtaio  fluid  to  appa- 
ntnB  of  another  size  aad  another  velocity  moviDg  in  a  mass  of  anotba- 
fluid  of  a  similar  geometrical  form.  The  extension  of  the  rwalts 
uialjtically  obtained  for  an  incom[»«8sible  Uqnid  to  gases  led  to  a 
seriee  of  interesting  applications.  Tbns  Helmboltzfonnd.  among  other 
thiogs,  that  there  is  a  limit  to  the  Mze  of  birds  beyond  which  the  mas- 
elea  would  reqaire  to  do  more  work  in  proportion  to  the  mass  than 
now.  Ill  the  great  vnltnre  natore  has  probably  reached  the  limit  in 
size  of  a  creatnre  which  shall  be  able  to  snstain  itself  for  a  long  time 
in  air,  aud  thus  man  can  have  no  hope  by  nse  of  the  most  snitable 
vJDg-like  mecbanisni,  which  be  could  move  by  muscolar  effort,  to  ruse 
and  sostain  his  weight  in  air.  lo  applying  the  prin<-i|>le  of  comparison 
above  mentioned  to  the  constmction  of  air  balloons  and  ships  the  inter- 
estiog  result  was  reached  that  when  the  balloon  weighs  aboat  half  as 
mDcb  as  the  pereoD  propelling  it  the  relation  between  working  force 
and  weight  woald  be  about  the  same  as  we  are  accustomed  to  see  in 
Bteam  war  vessels. 

In  the  years  18S8-1890  Helmholtz  extended  his  investigations  of  the 
motion  of  fluids  iu  order  to  show  how  in  masses  of  air  di  scon  tin  nous 
surfaces  may  result  from  the  continuous  action  of  forces.  In  these 
researches  ''on  atmospheric  movements'*  and  ''the  energy  of  the  waves 
and  the  winds"  the  inner  friction  of  the  flnids  were  taken  account  of, 
as  in  his  former  hydrodynamic  investigatioiis.  After  showing,  by  an 
exact  mathematical  treatment,  that  the  effect  of  the  fHction  at  the 
earth's  surf^wie  was  very  inconsiderable  iu  the  higher  layers  of  air,  that 
dissipation  of  the  kinetic  energy  by  friction  was  accomplished  chiefiy 
at  the  surface  of  the  earth  and  at  the  surfaces  of  separation  cansed  by 
rotary  motions;  and,  further,  that  heat  transference,  escei>ting  in  the 
vicinity  of  the  earth's  sarface  and  at  the  iuuer  discontinaities,  is  effected 
only  by  radiation  and  by  the  convection  of  the  warmer  air  particles,  he 
raised  the  question  why  the  circulation  of  the  atmosphere  is  not  accom- 
panied by  higher  winds  than  actually  do  occur.  lie  assigned  as  the 
reason  that  different  layers  of  air  are  mixed  by  the  vortices  caused  by 
the  rolling  together  of  discontinuous  surfaces.  In  this  way  the  layers 
become  broken  up  aud  receive  such  a  great  extensrou  of  their  surfaces 
that  the  transference  of  heat  and  the  equalization  of  their  motion 
through  friction  is  much  facilitated.  A  still  more  important  cause  of 
the  breaking  up  and  intermixture  of  the  various  layers  of  air  is  found 
in  thi  I  through  the  atmosphere,  which,  as  on 

wate  le  superposition  of  two  layers  of  air  of 

diffei  le  existence  of  such  layers  is  only  visible 

wber  der  layer  becomes  so  great  that  mists 

gathi  ves  where  the  pressure  is  less,  and  then 

there  clouds  which  extend  over  great  regions 

of  tfa  fore,  was  convinced  that  it  was  of  the 

great  ut  the  theory  of  waves  on  the  boundary 
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between  two  flnidB,  bat  on  accoaotof  the  great  mathematical  difficulty 
restricted  the  iuTestigation  st  first  to  tbe  simplest  case  of  the  motion 
of  a  re<-tilinear  wave  line  which  proceeds  anchanged  in  form  and  with 
a  eouHtniit  velocity  along  the  unlimited  bonntling  surface  betweeo  two 
fluids  of  ditl'erent  density.  As  a  level  water  surface  over  which  blows 
awind  of  constant  strength  is  in  a  coodition  of  neutral  eqnihbriam,  and 
thus  i-endily  ^terniits  the  creation  of  water  waves,  so  it  is  with  layers  of 
air  of  dtft'crent  densities,  except  that  here  the  phenomenon  progresses 
on  A  \a»tly  grcHter  scale.  Ilelmholtz,  therefore,  investigated  the  rela- 
tions of  energy  and  its  division  between  air  and  water,  and  was  led  to 
very  gt>nentl  ineohanioal  speculations  whose  consideration  will  form  tbe 
ixim-ltision  of  our  aooount.  Very  interesting  bat  very  difficult  deduc- 
tions were  niadt\  which  established  the  difference  between  stable  and 
labili'  tHiuilibrinni.  and  jast  as,  long  before,  the  condition  of  stable 
tHpiihbriuni  for  stationary  bodies  was  fonnd  to  be  a  nrinimuni  of  the 
|iot<'u(ial  energ}'  84t  for  stationary  waves  with  constant  velocity-poten- 
tiiU  tlio  i<«)nditioii  of  stable  e<)nilibnum  was  fonnd  to  correspond  to  the 
Diioinmm  of  energy. 

t  turn  now  to  sketch  the  IjiSt  great  cnt^ory  of  his  mathematical 

pli}-sio»l  l:ttH>rs.  whieh  letl  liiui  fiually  to  lUsvoveries  of  the  greatest  sig- 

niAc^n^v  tor  the  priiioiples  of  inerha nil's.     I  refer  to  his  hivestigations  in 

t>lt>etni-it.v.  vt  liieh  Wptn  pr.toiii-al'y  in  1S70  and  continned  for  ten  years. 

1^1' tlieist>  the  ntitst  <<on»)'ii-ui>us  are  entitled.  -On  the  equations  of 

nMtliiUt  uteUvtrieity  iVw  siaiumsiry  emulnctors*'    1S70):  -'On  the  theory 

«U'  **hvti\idy!i.-i(ut,s~    lsri»-iST*  ,  aiul  -I'omiorison  of  the   laws  of 

.VmiWiv  .»udof  New:i:.»T  o  for  tli* eJe^-tiwdynaniie  forves"  ilSi.T).     Host 

tiemt;tn  physvi-'s  a:  ih^s  ::;!e  tie*!;:*-*^  t!i*  laws  of  electro-dynamics 

i**  »>;"  w  :I",u;3i  W,-..er.    Tfc**e  were  founded  on  the 

'.T    !;tu\  ;:.ii;.  t:il  'Tvtjjk,  a::d  i*n   Coalomb*S  law  for 

.».^>»T\', -^  :i»  w"..;vl.  :',  T  ::  T^ssity  of  the  electrical 

»  :j  ::     :  -:e  Ti»v  :y  :=  *!:  d:rv«t)oni'  thronghout 

■r\>*>-;  -■•  .i"  :o  :.<  ;  :-*:zv-;  o:  ;L*  ivo  acting  electri- 

■   >v--^»   *s  ;   €  •yzir*  <■■:  :  e  disiani-e  between 

-•.A.  ,-       T   *  •,c,-«   -^  T^y.^lvve  wLea  the  eifctrical 

v»    <  V  ,  .;.  ji    •  irrr*. :  vt  wi.^:  ;hcy  ar*  of  opposite 

iv-.U-i  :  ^■  i-is..-    o  Ti  o:  C--.;-=':>  by  introduciug 

.V  .  -.  \-,  ■  V    >  L  .-,  K-v- -r.:-  G  w-;L  which  tbe  two 

^v  i       .v(K     .     ..-  --v^.^-:  rr.cE  rt»(i  ..;ber.     These 

■vv-^  •     .  ■  ,■.   V  ."   -■:-.;".  vv    ;i*  distance  but 

■  "  •  ■     s        '.    ■  .:   ity-.    :■  ».  ii.  |.e  sure,  to 

^  '  -s'    •»  ".■ ,   •  ■.  .-:     -   ■;•$  T-«r::*^r  iiii,-estiga- 

■.■«.«    .    *    ■  .-.r'i  »  ■     :.'•<■  >i  X.  i'ae  distance  and 

V*      *'.    ^•.  --■■       -I     ■    :"-«  <vaf«f-vation  of 

^  vx  . ,      '....v    --.,■;   •    ■  "  if^ -;- ..-^^r  pbe-nomena. 

•  .«,,'.■  ^.     - •■  .;   .-..-o: -  . .r-Astii  ease  of  tbe 

N  V     >s-    fcvv  I,   ■    -  .■    »  »tf     -^-.cwwiL  aad  it  can, 
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indeed,  be  shown  tliat  no  rererBible  procwsfi  can  bo  derivml  frtim 
Weber's  lav  by  which  work  conld  be  done  withoot  oxiieriditanr  «f 
tnergy.  Besides  the  byxxitbesis  of  Weber,  based  on  the  action  tjtrtvmMi 
electricallj-cfaarged  points,  there  was  t)ie  older  one  of  F.  K.  Uttnuaim. 
vliich  considered  not  the  action  of  one  charf^ed  point  u\Mm  anfrtlwr,  hm 
of  one  linear  current  element  on  another.  This  was  rf^Kanled  tfjrUtitm 
boltzasoue  of  the  happiest  and  most  ft'uitfal  i-x>n<:e|)ti»nH  wl«*«:k  ■m' 
newer  mathematical  physics  has  produced.  The  law  whU^U  ti^m  •■* 
deduced  from  the  hypothesis  of  Weber  for  the  mutual  su:i'um  '4  \*\ 
linear  cnirent  elements  differs  from  the  Nenmaim  potetitht  bw.  mk 
Helmholtz  fonnd  himself,  in  the  coarse  of  hi8investiKatiofiN,M<Ml!ejvi«>4 
witii  the  qaestion  whether  this  hypothesis  did  in  Tiurt  n^rtmiA  liuf 
true  sttite  of  affairs  and  how  both  the  law  of  WclMfr  »h«1  tU»t '/  %»3u 
mann  were  related  to  the  laws  of  Maxwell,  whi'^b  I  »hall  <^0»,  utm 
occasion  to  mention. 

He  found  that  all  these  laws  may  be  rc^diu'c^l  1o  a  omMf^  h^-n  wrf 
differ  then  only  in  tbe  values  of  a  constant  which  nftjitau^    x     ywi 
nomena  which  are  pres<;iited   by  the  cin;ulation  hf  fUtmtt;   •»n«iiir 
through  metallic  circuits  ciiii  be  accounfMl  for  tf|Hally  «*;.  nMtr-  «d 
of  the  several  hypotheses;  but  in  the  case  uf  \uamt\t^*^  •■.man   i«r 
lead  to  considerably  different  consequenceH.     Vm  tU>r  yu*vwB-  i   una. 
ing  between  these  hypotheses,  HelmhnUz  lifytUifiK.  rtti   lu-  un.it 
bis  generalized  induction  law,  the  cqaationn  of  mh/jm  u*  »mrtttn    » 
an  extended  conducting  solid.     lie  fonnd  tliattHn  wpaio  -  i«w- f 
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whicb  intenepta  the  condartioD  of  the  corrent  might  itself  be  ander- 
gcHDg  changes  in  the  distribation  of  the  electricity,  bo  that  apparently 
incomplete  circuits  might  in  reality  be  complete. 

Faraday,  who  would  not  admit  the  existence  of  forces  acting  at  a  dis- 
tance, becaose  it  appeared  to  him  unthinkable  that  an  action  conld  take 
place  between  two  separated  bodies  without  change  in  the  niedinm 
tying  between,  sought  to  find  snch  a  mediant  interreniug  between  elec- 
trical or  magnetic  bodies.  He  SDC4.-eeded  in  showing  that  in  almost  all 
bodies  there  exists  magnetism  or  diamagnetism,  uid  that  in  good  insn- 
lators  nnder  the  action  of  electric  forces,  a  change  may  be  observed, 
which  he  designated  as  dielectric  polarization.  If,  now,  one  assames 
with  Faraday  and  with  Uaxwell,  who  mathematically  stated  this 
hypothesis,  that  in  insnlators  there  may  be  set  np  electro-dynamic 
activity  by  which  these  become  dielectrically  polarized,  then  the  poten- 
tial law  follows  from  the  complete  theory  withont  modification. 

Partly  before,   partly  dnring  the  progress  of  these  important   re- 
searches on  the  theory  of  electrodynamics,  Helmholtz  pnrsned  investi- 
gations on  the  laws  of  the  division  of  electric  currents  in  solid  con- 
ductors and  on  electric  boundary  layers,     lu  these  investigations  the 
theorem  of  the  charging  of  a  snrface  with  electricity  was  extended 
with  rega 
electrical 
which  in 
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•nalytioal  treatment  tal  Wm  t»  expressions  from  whicli  the  forces  it  a 
diatauije  completely  iiisapiie»reil  anil  were  replaced  by  the  reactions  of 
the  polarized  medium.     He  time  veri«ed  the  conceptions  of  Faraday 
and  Maxwell,  who  regarded  the  ether  as  the  conveyer  of  tensions  io 
space  empty  of  ponderable  aubetance,  and  who  saw  in  the  motions  of 
electricity  in  coiiductots  nothing  else  than  the  effects  of  the  ansiof  ud 
paasuiB  away  of  ixjlarization  in  the  iusalator..     Helmholtz  aeceptol 
theae  views  etill  more  completely  in  a  memoir  which  appeared  In  Iv^s 
"On  systems  of   absolnte  ineasnrement  for  electrical  and  ma«woc 
qnantities."     In  this  investigation  the  theory  of  Faraday  Maiiell  m 
given  the  preference  over   all  other  elcotro-dynamio  theories  rt»4 
aastime  direct  action  at  a  distance  having  a  magnitnde  and  dimtn 
dependent  on  the  absolute  or  relative  motion  of  two  electncal  i^aaQ- 
tiea.     For  these  latter  theories  violate  either  the  principle  of  Ik  4m* 
nosa  and  constancy  of  energy  or  that  of  the  »inality  of  loia  ,^ 
»«»etlon;  and  Best  of  all,  in  order  to  make  the  theory  the  bangnya 
conaervative  processes,  exclude  those  phenomena  m  whicb.  Iw  :«iM 
of  friction,  heat  is  created  and  electrical  or  magnetic  enei^  !■«. 

This  research,  in  which,  by  reawm  of  the  observations  rf  J^mm* 
h«  was  confronted  with  the  question  whether  actions  u  .  .Mam» 
really  exist  and  most  he  taken  into  consideration,  sfciw"  -*•  r»»i;r 
new  train  of  thought  upon  which  he  was  engaged  SMi  nM  rtmM 
were  shortly  to  apiiear  in  discoveries  of  the  gresIM  -a*  ^  '• 
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fimcs  of  attraetkm  toc  cobibioo  to  all  natural  forces,  while  on  tbe 
other  baod  it  had  been  doubted  whether,  for  example,  the  application 
of  tbe  principle  of  the  eqnaUtT'  of  aetzoo  and  reaction  was  generally 
permissible.  A^  already  piMnted  oat.  the  hTpotheeis  had  been  made  that 
actkm  at  a  distance  was  reaolT^^bie  into  eootinoous  dynamic  reactions 
in  an  invisoble  interraiiag  mediiun.  thna  establishing  an  analogy  with 
tbe  n'>1e  of  a  spring  or  cord  in  Che  transnisaion  of  force.  Since,  how- 
evvT,  it  18  the  province  of  physics  to  r^er  the  phenomena  of  oatore  to 
tbe  sim{de  laws  of  mechanics,  tbe  question  arises  first  of  all  what  con- 
stitute the  drst  principles  of  inecbanics,  and  what  are,  as  Hertz  has 
said,  tbe  final  imd  simplest  laws  which  each  natoral  motion  mnst  obey, 
which  no  motion  can  ignm^  wbo^e  presence  in  natnre  is  determined  by 
onr  cTeryday  experience,  and  &nm  which  as  the  fundamental  principles 
of  mechanics  tbe  whole  science  may  be  deduced  witboat  fdrther  r^er- 
eoce  to  obserralioo. 

Until  tbe  pioneer  researches  of  Helmboltz  aa  the  conservation  of 
energy.  me4;banics,  a:)  has  been  remarked,  following  (ialileo^s  concep- 
tion of  the  inertia  of  masses,  had  been  developed  by  application  of 
the  three  laws  of  Sewton.  When,  however,  the  whole  stmctare  was 
Kystematically  and  critically  examined,  a  want  of  clearness  n-as  appar- 
ent in  the  definition  of  mecbanical  t^nantities.  and  the  proofs  of  funda- 
mental laws  of  statics,  sach  as  the  laws  of  tbe  parallelogram  of  forces 
and  of  virtual  velocities,  were  fonnd  to  be  not  altogether  rigorons. 
Knowledge  of  the  action  of  forces  at  a  distance  and  of  molecular,  ^ 
chemical,  electrical,  and  ma^etic  forces  was  pnrely  empirical. 

The  discovery  of  tbe  principle  of  the  conservation  of  energy  made 

possible  a  consistent  development  of  theoretical  mechanics.    The  idea 

of  force  became  less  prominent,  while  mass  and  energy  came  forward  as 

the  indestructible  physical  quantities.     Energy  is  present  in  two  great 

divisions,  of  wliicb  the  one — kinetic  energy — is  in  all  cases  given  by  a 

constant  fnnctton  of  tbe  velocity  of  masses,  vbile  the  other — tbe  poten* 

tial  energy — is  determined  by  tlie  relative  |>osition  of  the  masses,  but 

uiitst  be  derived  in  each  case  with  consideration  of  tbeir  particular 

Uttture.    The  di.'tcussion  of  the  different  forms  of  energy,  as  well  as  of 

their  mutual  transformation,  forms  the  subject  of  both  physics  and 

ob^mistry.     In  expressing  the  progress  of  phenomena  as  a  function  of 

the  time,  Ilelmholtz  did  not,  like  most  of  bis  predecessors,  make  tbe 

.^.....»;,.iiaiif  motion  the  starting  point  from  which  to  derive  the  genera 

cs,  because  in  this  method  it  becomes  necessary 

umptiotis  regarding    tbe  forces  operating    and 

iig  conditions  of  the  problem,  and   these  limi- 

tlie  consideration  a  large  number  of  jmssible 

ed,  on  the  other  band,  from  tbe  principle  of  least 

eans  brought  into  the  discussion  many  examples 

forces  found  in   nature,  but  not  occurring  in 

,  former  method  is  pursued. 
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These  matters  formed  tfaecontents  of  memoirs  vfaich  Helmholtz  pub- 
lished in  1886  aod  188?  with  the  titles, "  On  the  physical  Bigniflcance  of 
the  principle  of  least  action,"  and  "The  history  of  the  principle  of  least 
action."  Hertz  r^arded  these  works  at  the  time  as  marking  the  fur- 
thest advance  of  physics.  Defining,  after  Leibnitz,  the  qnantitative 
measure  of  the  action  following  from  the  inertia  of  a  moving  mass  as 
the  product  of  the  mass  into  the  space  traversed  into  the  velocity,  or 
as  the  prodnctof  the  kinetic  energy  into  the  time,  then  the  principle  of 
least  action  reqaires  that  the  total  amount  of  the  action  shall  have  a 
Umittng  value  in  the  passage  from  a  given  position  of  starting  to  a 
given  position  of  rest.  In  performing  ttie  variation  the  coordinates  of 
the  jvointa  corresponding  to  intermediate  positions  of  the  system  are 
varied  simnltaneonsly  with  the  time  in  such  a  manner  that  the  total 
energy  of  the  system  is  not  changed.  This  latter  requirement  can  be 
satisfied  by  the  condition  that  the  energy  at  a  given  instant  shall  be 
the  same  for  all  variations  as  at  the  same  instant  in  the  nnvaried 
motion,  without  regard  to  the  magnitude  of  this  latter,  which  it  is  pos- 
sible might  change  in  the  course  of  a  normal  motion.  In  this  way 
Lagrange  and  Hamilton  have  treated  the  problem.  Jacobi,  however, 
made  the  preliminary  condition  that  the  potential  energy  is  independent 
of  the  time,  and  this  reqoires  that  the  amount  of  energy  shall  retain  a 
definite  value,  in  which  case  this  relation  may  be  nsed  to  eliminate  the 
time  increment  ftotn  the  action.  Physically,  Jacobi's  restricting  con- 
dition holds  for  a  completely  determined  and  closed  system,  while  the 
Lagrange-HamUton  form  of  the  equations  of  motion  also  holds  true  for 
an  incompletely  closed  system,  upon  which  variable  outside  influences 
are  at  work  independent  of  the  reaction  of  the  moving  system. 

Hamilton,  keeping  the  Lagrange  conditions,  has  given  the  principle 
of  least  action  another  form  in  which  it  is  called  "  Hamilton's  principle." 
l>efioing  the  principal  function  of  Hamilton  as  the  difference  between 
potential  energy  and  the  kinetic  energy  of  the  system,  then  the  principle 
which  bears  his  name  requires  that  the  negative  mean  values  of  the 
principal  function,  reckoned  for  eqnal  time  elements,  shall  have  a 
definite  value  for  a  normal  motion  between  given  imints. 

Bat  Lagrange,  HamUtou,  and  Jacobi  bad  proved  the  principle  (first 
stated,  but  not  proved  by  Maupertuis  in  1744)  only  nnder  the  physical 
assumption  of  Newton's  laws ;  and  the  motion  of  the  points  of  a  material 
system  had  been  deduced  from  it  under  the  condition  of  a  rigid  con- 
nection of  the  points,  and  with  the  express  assumption  of  the  principle 
of  the  constancy  of  energy.  When  Helmholtz  had  showed  the  general 
v^dity  of  the  law  of  the  constancy  of  energy,  this  last  hypothesis 
remained  a  limitation  no  longer  for  cases  in  which  all  the  forms  are 
known  in  which  energy  equivalents  are  transformed  during  the  progress 
of  the  change.  It  now  remaned  to  decide  whether  physical  processes 
which  depend  not  simply  on  the  motions  of  determinate  masses  for 
which  Newton's  laws  are  applicable,  bat  in  which  qoaatities  of  energy 
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«OBie  to  roDsideratioQ.  may  be  treated  \>y  tbe  iwinriple  of  least  acdoii. 
As  th«  fi>rc«»  of  h«at  had  afrvady  been  refored  to  the  biddea  motioD 
ol  cDDceivable  masses,  and  as  Maiwell  had  reet^nized  the  sonrce  of 
elevtrotlynamit:  ai-doas  ia  the  motion  of  onseco  masses,  Hdmholtz 
wished  ti)  introdoce  tbe  motion  and  en«^7  of  sneh  hidden  masses  ^n- 
erally  in  physk-al  pntbltrms.  He  reenpiizeal  as  antecedent  to  obscore 
pheuomeua  motiim  and  masses,  which  are  to  our  senses  invisible. 

He  cfao!<<-  Hamilton's  priDt-iple  for  the  expre^on  of  aU  motion,  since 
it  admits  that  npon  a  mechanical  system  whose  inner  forces  may  be 
determineil  as  differential  coefficients  of  force  (iinetiotis  independent  of 
tbe  time.  e\tcm.il  forces  may  be  exerte<I  depending  od  tbe  time.  Tbe 
work  done  by  sach  forces  is  to  be  independently  compated  as  not 
belou^ug  to  the  eoDserrative  process,  bat  dependent  on  other  physical 
events. 

Since,  as  Lagrange  has  showed,  the  ootwardly -directed  forces  of  the 

moving  system  may  be  expressed  throagfa  the   principal  function, 

Helmholt7  called  thiii  the  "kinetic  potential.'' and  thus  by  the  principle 

of  least  action  there  follows  this  general  chanH-teristie  of  the  progress 

of  all  physicul  |>hfD«>inena:  Tbe  negative  mean  value  of  tbe  kinetic 

potential  reckonetl  for  eqnal  time  elements  along  tbe  path  isaminimnm, 

or  when  loDgt-r  intervals  are  considered  it  bas  a  limiting  ralne  in  com- 

piu-i--oii  with  all  other  neighboring  paths  which  lead  from  tbe  starting 

point  to  tbe  end  point  in  the  same  time.    The  kinetic  potential  goes 

over  into  iwleiitial  energy  for  the  case  of  a  body  at  rest,  and  from  the 

HamiUou  principle  it  follows  that  for  e<|nilibrinm  the  itotential  energy 

isawinimniu.    It  nas  alreaily  knowir  that  when  certain  coordinates 

aiv  repn'sculed  in  the  valne  of  the  principal  fanction  only  by  their 

dilleivntial  coefficients,  and  tbe  corresponding  forces  are  eqaal  to  zero, 

the  t.iigrange  expression  for  the  forces  acting  along  the  other  coordi- 

uiitcs  btxviHOs,  analytic-ally,  exactly  as  in  tbe  general  eases,  a  trans- 

Ibrmeit  )uriuci|>:)t  Amotion,  which  no  longer  as  before  contains  the  deriv- 

ilives  of  the  co«>niinate^  only  in  the  se^-ond.  bot  contains  them  also  in 

tltc  lirst  degree,    Tlius,  forms  of  the  kinetic  potential  may  appear  in 

uhii'h  till'  seiMrstiou  of  the  two  forms  of  energy  can  not  be  recognized. 

'  |M>tenli;tI  may  be  any  fbnction  whatever  of  the 

and  of  the  corresponding  velocities.    These  facts 

:]uirewbat  form  tbe  princiiial  function  most  take  in 

•range  expression  for  tbe  external  forces  shonid 

lie  found  at  once  that  this  condition  is  satisfied 

is  increased  by  tlie  snni  of  the  products  of  the  coor- 

L>rior  forces  expres^^  as  a  fanction  of  the  time  and 

m  ctxtnlinates.    This  expanded  expression  for  the 

fives  the  I^gntnge  formula  for  the  forces  immedi- 

tbe  variation. 

(  Uigraii):^'*  form  of  the  eqaatioDSof  motion  had 
by  llelmholtz.  since  it  is  afqilicable  to  eases  where 
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ia  addition  to  the  potential  and  actual  energy  of  weighable  masses, 
thermal,  electrodynamie,  and  electromagnetic  equivalents  of  work 
appear.  For  he  had  expressed  the  laws  of  reversible  heat  processes  in 
the  form  of  Lagrauge'n  eqaations  of  motion,  and  therefore  throagh  the 
law  of  the  minimum  characteristic  value  of  the  kinetic  potential.  It 
was  found,  however,  that  the  tem|>erature  as  a  measure  of  the  thermal 
motions  did  not,  like  the  velocities  in  the  kinetic  energy  of  a  ponder- 
able system,  enter  into  theexpression  only  in  the  second  power.  Hence 
if  it  is  desired  to  determine  the  general  characterisl  ics  of  systems  which 
are  governed  by  the  principle  of  least  action,  the  assumption  must  be 
abaudoued  that  the  velocities  enter  only  in  the  values  of  the  kinetic 
^cgyt  in  tl>®  fi^rm  of  homogeneous  functions  of  the  second  degree,  and 
the  principle  must  be  discussed  under  the  supposition  that  the  princi- 
pal foDction  is  any  function  whatever  of  the  coordinates  and  the  veloci- 
ties. The  immediate  occasion  for  these  general  considerations  on  the 
part  of  Helmholtz  was  the  investigation  of  the  form  of  the  kinetic  poten- 
tial demanded  for  Maxwell's  theory  of  electrodynamics,  in  which  the 
velocities  of  electricity  enter  as  a  function  of  the  second  degree  whose 
coefficients  are  not  constants  as  in  the  measure  of  tlie  valne  of  the 
kinetic  energy  for  ponderable  systems,  and  where  besides  these  appear 
linear  functions  of  the  velocity,  whenever  the  action  of  permanent 
magnets  comes  into  account. 

Since  the  phenomena  of  li^ht  may  be  in  the  main  explained  under 
the  hj^othests  that  the  ether  in  a  medium  witli  properties  similar  to 
those  of  ponderable  elastic  solids,  the  principle  of  least  action  must 
be  looked  upon  as  applicable  to  the  motion  of  Ught.  Thus  Ilclmholtz 
regarded  the  proper  domain  of  tliis  principle  as  far  outreaching  the 
bounds  within  which  is  included  the  mechanics  <ff  weighttble  bodies, 
and  he  held  it  as  in  the  highest  degree  probable  that  it  is  the  general  "^ 
law  of  all  reversible  natural  processes.  It  is,  moreover,  to  be  noted 
that  irreversibility  rests  not  in  the  nature  of  things  but  in  the  limita- 
tions of  otir  means  of  investigation,  which  do  not  enable  us  to  reor- 
ganize nnorganized  atomic  motions  so  as,  for  example,  to  reverse  the 
motion  of  all  atoms  affected  by  the  motions  characteristic  of  heat. 

The  geueral  validity  of  the  principle  of  least  action  makes  it  of  great 
value  in  formulating  the  laws  of  new  classes  of  phenomena,  in  that  it 
embraces  iu  a  single  mathematical  expression  all  the  essential  condi- 
tions of  these  phenomeua.  All  cases  of  physical  processes  in  which 
the  kinetic  potential  contains  the  velocities  in  linear  members  were 
called  by  Helmholtz  instances  of  hidden  motion.  It  was  shown  that 
the  principle  of  least  action,  as  expressed  in  the  above-mentioned  gen- 
eral form,  embraces  the  principle  of  the  conservation  of  energy,  and 
that  the  value  of  the  energy  may  be  determined  from  the  values  of  the 
kinetic  potential.  As  it  does  not,  on  the  other  hand,  appear  that  in 
all  cases  where  the  constancy  of  energy  is  i>re8erved  the  principle  of 
leaijt  action  is  obeyed,  the  latter  asserts  more  than  the  former,  ant* 
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«sfH«MMM  »  i^strtieular  i.-banwieri-ije  of  the  natural  forces  Id  ooosidera- 
tkM  iv/t  iii'^lxuled  iu  lb>r  laii-t  ibat  iber  are  conservatiTe  forc«&  The 
tlf.rivntinn  'd  tbe  valae  of  tlie  kiuirtic-  potential  from  the  energy  iutro- 
dui-JM  arbitrary  (jnaiititi*«  irlik-h  are  Lomo^iieons  functions  in  the  first 
tlanrnf.  nf  t)i«;  vt;liK-itieK.  This  fact  '\*  of  ^igiiificance  in  that  it  shows 
tltat  it  in  not  p<mHiL>le  with  a  conijilele  knowledge  of  the  relatious  of 
l\if.  v.w.rviy  to  the  c<ion)inat*«  and  the  veloeitiee  to  find  the  kinetic 
\mtMtU-A\  mii\  witii  it  the  lavx  of  motion  of  the  system,  assuming  that 
tli<i  \ir\tiK\\Ai'.  of  leaHt  action  is  fuilow«d.  It  is  necessary  in  addition  to 
thi^M;  fiu:\n  to  (IJM'ovcr  tlie  linear  functions  of  the  velocities  which  cor- 
tVM\m\tt\  ro  till;  hidden  motions. 

Aflj-r  ili!Vi;lopiug  Hoiiie  general  «-orrelated  relations  between  the 
fori'CH  l^)ll^^■\.l•A\  l>y  u  syHteiii  in  different  directious,  as,  for  esample,  the 
Uii-riiriMlynnnilc;  hiw  tlitit  if  with  rising  temperature  the  pressure  of  a 
miiliirliil  HyHti-in  iiurreuHCH  tiic-n  compvcssiou  will  cause  a  rise  of  tempera- 
(iiiK,  lirtjiiiiiiill/  wiiH  ithlu  to  shon-,  at  least  for  arestricted  number  of 
«'tionlliiiiti-H,  tliiit,  convcrMtly,  the  pniu-ipal  of  least  action  is  applicable 
wlicii  Mii>i«  corrdiiled  rttlatioiis  exist.  Finally  he  derived  both  the 
Idliil  iiiiil  i>iii'lliil  dllVf^nMitiiit  eiiuations  of  motion  of  Hamilton  Cor  the 
K(Mii>i'iill/.('il  I'orui  (if  till'  kinetic,  potential,  i-'rom  them  he  obtained  a 
Ki'ili'K  of  rtMiiI'M  for  rt'Vf'r»iblo  motions  of  a  system;  that  is,  for  su<_'h 
mot  loiiH  that  till' H(M'it'S  of  positions  itssniiied  in  ajiositivo  motion  should 
be  rt'niiHiiiiii'd  in  a  n'tiini  inotiou  without  the  action  of  exterior  forces, 
imh)  Willi  the  sitinc  lime  liitcrvuls  intervening. 

\\\'  Hhiitl  prowiilly  disttiiss  further  applications  of  the  principle  of 

tiiiHt  iicllou  iiM  g(tnt'riiti/<sl  by  Hclmlioltx,  and  it  need  here  only  be 

riMiiiit'luxl  tliiit  llcrt/  discovoi'Sftiiother  generally  valid  law  at  the  basis 

of  till"  prttK'lpIc,  which  dcsciibes  the  motions  of  all  systems  directly. 

nlu'W  the  connections  of  a  system  can  be dis- 

.11  th<>  musses  of  which  it  tscomimsed  will  part 

ul  uniform  motions,  but  when  such  a  dissola- 

svsleiii   will   approximate   to  these  i>referred 

isibh'. 

clmriu'tcriatios  of  inotiou  from  the  ]>rinciple  of 
I'til  mttthcmalicitl  and  physical  difficidties  and 
i^tttioiis  doscrilKtl  iu  "Studies  upon  the  statics 
vlssii,  j»ud  "PriuctpWof  the  statict>  of  mono- 
Thivtt'  murk  a  distinct  advance  in  the  method 
ilical  (tnd  phvsical  problems,  which  has  already, 
luu.  i-*>i4cluil  a  comiuandiug  plai.-e  in  the  theo- 

ilitv«  is  atttvittt  with  uuiti<.>u  there  is  in  general 
)HvsitioH  y'i  (ho  !s\!.t*'m  iu  s^tace  or  else  in  the 
I'hi-i,  hiiwvvvr.  is  ih>(  iiei-essary,  as  is  exem- 
is  lnHi;  vMuctiii.Hl  cnrc^u:  ot  electricity  through 
|KMiuv>iu  Ui^  tviu(>i'r.t(urv.(h«iiiiigBetio  ooudi- 
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tiOD  in  neighboriuf;  masses  of  iruo,  all  icmain  »t  evtry  point  onalteced. 
Hence  the  motioD  which  we  regard  as  the  caose  of  the  pheoooMDoa 
most  in  a  seuse  be  so  far  statioaary  that  as  9ooa  ae  a  partkle  leaves  its 
place  there  mnst,  within  an  infinitesimal  time.  b«  snbstimted  another 
moving  in  the  same  directioD  with  the  same  velocity,  so  that,  in  spile 
of  the  continnal  motion,  there  is  at  uo  poiat  io  epace  any  apparent 
change.  Helmholtz  designated  motions,  snch,  for  example,  as  the 
motion  of  a  rotating  top  or  that  of  a  frictionless  liquid  in  a  circniar 
canal,  as  cy cUc  When  all  the  motions  of  a  system  of  bodies  are  cyelic 
the  system  is  said  to  be  a  cyclic  system.  Cyclic  motions  are  generally 
bidden  motions,  since  they  do  not  alone  canse  a  chau^  in  the  appear- 
ance of  the  distribotion  of  masses,  and.  conversely,  hidden  motions  are 
ndoally  cyclic.  A  coordinal«  is  called  cyclic  when  the  whole  condition 
of  the  system  is  not  altered  by  changes  in  this  cowdioate.  Since  the 
kinetic  energy  of  the  system  remains  nnchaoged,  it  is  not  a  function  of 
a  cyclic  coordinate,  bat  in  general  its  differential  is,  since  the  kinetic 
energy  is  greater  the  faster  the  cyclic  motion  progresses.  The  t«ndi- 
tion  of  a  system  may  be  deternined  through  other  than  cyclic  coor- 
dinates, which  Belmholtz  called  the  slowly  varying  coordinates  or 
parameters.  These  change  so  slowly  that  their  differential  coefficients 
with  respect  to  time  may  be  neglected,  and  the  kinetic  energy  is  there- 
fore a  Amotion  of  the  parameters,  bat  not  of  their  difTerential  coefficients. 
When  the  parameters  remain  constant  for  a  long  i>eriod  of  time  the 
motion  taking  place  daring  the  tater\'al  is  cyclic  Systems  are  classl- 
tled,  according  to  the  namber  of  their  cyclic  coordinates,  as  monocyclic, 
etc,  and  are  in  general  polycyclic. 

The  condition  for  the  existence  of  a  cyclic  system  can  be  fulfilled 
with  any  degree  of  approsimation  whenever  the  system  posseisses 
chiefly  cyclic  coordinates,  provided  the  parts  of  the  energy  which  are 
due  to  the  velocity  of  change  in  the  parameters  are  small  in  compari 
BOO  with  the  parts  which  depend  on  the  cyclic  intensity,  or  in  other 
words,  provided  the  velocity  of  change  of  the  i>arameterH  is  negligible 
compared  with  that  of  the  cyclic  coordinates.  The  forces  of  a  cyclic 
^stem  are  by  definition  Independent  of  the  velocity  of  change  of  its 
parameters,  as  follows  immediately  also  from  the  Lagrange  exiiression 
through  the  kinetic  energy.  It  follows  also  that  when  no  forces  oiierate 
on  the  cyclic  coordinates  of  a  cyclic  system  the  whole  cyclic  move- 
ment of  the  system,  determined  by  the  prodnctof  the  mass  by  the  veloc- 
ity, is  constant.  In  this  case  the  motion  is  defined  as  a<lial)atic.  The 
modons  characterized  by  Helmholtz  are  defined  in  accordance  with 
their  properties  as  snch  that  the  potential  and  actual  energy  of  the 
system  are  independent  of  a  certain  nnmber  of  coordinate's  which 
would  be  necessary  to  completely  determine  the  position  of  the  system, 
but  which  are  represented  in  the  valnes  of  the  energy  only  by  their 
differential  coefficients  with  reference  to  the  time.  This  would  also  be 
the  case  with  motiODS  not  strictly  stationary  when  the  changes  it< 
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system  were  allowed  to  proceed  bo  slowly  that  the  system  is  never  appre- 
ciably removed  from  conditionB  in  wfaicli  it  might  continaoagly  remain. 
The  motion  of  heat  is  not  strictly  monocyclic,  for  each  atom  probably 
contiooalty  alternates  in  the  direction  of  its  motioD,  and  only  in  that  an 
enormous  number  of  atoms  represent  all  stages  of  motion  is  the 
mechanical  character  of  a  monocyclic  motion  simnlated. 

Helmlioltz  raised  the  question  nnder  what  general  conditions  the 
known  physical  characteristics  of  heat  motion  conld  be  produced  by 
other  known  classes  of  motions,  and  whether  there  is  any  special  class  of 
motions  understood  to  be  mechanical  for  which  there  exist  restrictions 
to  the  tranafurmatiou  of  work  equivalents  similar  to  the  second  law  of 
thermodynamics.  He  extended  the  definition  of  a  monocyclic  system 
so  as  to  include,  besides  those  containing  only  one  cyclic  coordinate, 
others  in  which  several  such  coordinates  appear,  but  all  but  one  of 
these  functions  are  of  another  order  of  magnitude  from  the  one  under 
consideration.  The  very  impori^ant  and  interesting  case  was  discussed 
in  which  certain  mechanical  means  are  made  use  of  to  correlate  the 
velocities  in  two  monocyclic  systems,  these  devices  being  of  such  a 
nature  as  to  exert  no  influence  when  the  motion  proceeds  with  rega- 
larity,  as  desired,  hut  which  oppose  with  appropriate  force  any  devia- 
tions from  regularity.  Helmholtz  called  a  system  of  this  sort,  as  for 
examjile  two  tops  whose  axes  are  so  coimected  that  they  are  forced  to 
rotate  with  eigual  velocity,  fettered,  and  the  condition,  the  coupling  of 
the  system,  lie  recognized  in  the  device  of  coupling  the  ouly  means 
of  acttiiig  directly  on  the  inner  motion  of  monocyclic  systems.  Thus 
In  heat  motion  we  are  debarred  from  influencing  particular  isolated 
iiloiiiK,  and  nre  Forced  to  actwithout  distinction  on  all  contained  within 
H  jllvt'U  Hprtce,  When,  now,  two  originally  indepeudent  monocyclic  sys- 
li'UiH  ni'it  hy  saitahlo  regnliitiou  of  exterior  forces  caused  to  assume  a 
nliit<«  corrcnpoiiilin};  to  the  conditions  of  a  rigid  connection,  such  a 
rltfid  I'ouiu'ction  miiy  be  inserted  without  disturbing  the  motion  in 
lii'oKi'i'HM,  which  continues  in  future  as  restrained  by  this  linkage.    In 

II  nliiiiliir  way  two  Imdios  at  equal  temperature  may  be  placed  in  con- 
liicl.  wilhoiit  iiltcriuK  their  inner  motions,  so  that  they  retain  equal 
|i'ni|>i'nUiii'<>M  while  slow  changes  of  temperature  are  made,  and  the 
i>i|iljili(.v  In  iioI  projudiced  by  pressure  or  action  at  a  distance  between 
||h>  Iwo  HyNlriiiH  upon  coming  together. 

Willi  the  iK'lp  of  uuitheiimtical  considerations  quite  analogous  to 
lliii-ii<  i<iii|tlo,\i>d  III  thormmlynamical  Investigations,  Helmholtz  showed 

III  ({I'lii'ittl  (IkiI  when  mouocyrlic  systems  admit  only  of  such  mutual 
MiiiiK'olliiMN  Mini.  Il)t<  mterniil  forces  of  each  separate  system  depend 
iHilv  fill  IliK  iiitniii>ntiu'y  condition  of  the  system,  and  not  upon  the 
Iti'liiiiiiiiiu  (ii  I'oiinliiK  of  oonmytion  with  other  systems,  then  the 
i-nUiillHtJ  Ih  It  )'**'"  ronpliiitf  of  motion,  and  creates  a  new  monocyclic 

W  Ii<iii  ii|iiiii  tlii>  iM'tiinnti)]:  of  interchange  of  internal  motions 
I  MO  III    iiiort)  nyoionis  the  e<(uilibrium  of  iatemal  motion 


FUWDAMENTiX  PRINCIPLEB  OP  MATHEMATICa  123 

between  tbem  requires  that  a  certain  fnnction  of  tbe  parameters — ^io 
heat,  the  t«inperatare — sbonid  liave  the  same  value  in  all  the  systems, 
then  the  third  property  of  heat  expressed  by  the  law  of  Caroot,  namely, 
the  restricted  capa<^'ity  for  transformation,  is  here  in  evidence. 

The  three  last  memoirs  of  Helmholtz  are  in  part  in  correction  and  in 
part  in  amplification  of  these  investigations,  fundamental  for  the  prin- 
ciples of  mechanics,  on  the  principle  of  least  action.  They  rest  upon 
the  conceptions  worked  out  by  Faraday,  Maxwell,  and  Hertz,  accord- 
ing to  which  the  electrical  oscillations  in  the  ether  are,  in  their  velocity 
of  propagation,  their  nature  ns  transveiKe  vibrations,  and  the  conse- 
quent possibility  of  phenomena  of  polarization,  refraction,  and  rellection, 
exactly  analogons  to  the  oscillations  of  li^ht  and  heat,  and  constitute 
the  method  of  performance  of  the  apparent  actions  at  a  distance  by 
conveying  the  force  through  the  intervening  medium. 

In  the  memoir  on  "Tlie  principle  of  least  action  in  electrodynamics" 
{l«t2),  Helmholtz  investigated  whether  the  empiric  laws  of  eleetrody- 
namica,  as  expressed  in  Maxwell's  eqiintions,  may  be  brought  into  the 
form  of  a  law  of  minima.  Upon  the  ground  of  considerations  already 
referred  to,  he  was  able  to  show  that  the  ponderomotive  forces  could 
in  fact  be  deduced  from  the  generalized  Hamilton  principle  in  a  form 
completely  agreeing  with  Maxwell's  theory.  The  energy  was  divided 
ioto  two  parts  whicb  played  the  same  roles  toward  one  another  as  the 
potential  and  actual  energy  for  ponderable  masses.  The  electrical 
energy  corresponded  to  the  potential  energy  of  masses  at  rest  so  long 
as  no  changes  occurred  in  the  moments  or  electric  currents,  while  the 
magnetic  energy  corresponded  to  vis  viva. 

He  penetrated  still  further  in  the  electromagnetic  theory  of  light, 
and  proceeding  from  the  consideration  that  the  dispersion  of  light  is 
bronght  about  only  at  the  boundaries  of  spaces  which  contain  ponder- 
able masses  besides  the  ether,  he  sought,  in  an  article  which  appeared 
in  the  year  1892,  to  explain  the  color  dispersion  with  the  aid  of  this 
theory.  The  mathematical  theory  of  Maxwell  requires  that  pondero- 
motive forces  must  exist  along  with  the  electric  oscillations  of  the  ether, 
which  are  capable  of  setting  in  motion  heavy  atoms  which  lie  in  the 
ether.  Helmholtz  showed  that  the  material  particles  mn.st  also  have 
charges  of  electricity,  so  that  in  the  equations  of  motion  to  be  formed 
the  electric  movements  due  to  the  electricity  of  each  particle,  since 
they  are  of  different  magnitude  and  direction,  and  are  also  affected  by 
other  than  electrical  forces — as,  for  example,  inertia,  friction,  etc. — are 
to  be  distinguished  from  those  in  the  free  ether  aud  particularly  inves- 
tigated in  order  to  deduce  the  laws  of  color  dispersion. 

His  general  "Consequences  of  Maxwell's  theory  of  the  motions  of 
the  pure  ether"  (1893)  is  of  very  great  interest.  Capacity  for  motion 
is  ascribed  to  the  ether,  and  it  is  represented  as  receiving  motions 
imparted  to  it  by  ponderable  masses  which  permeate  it,  and  as  being 
thus  moved  along  with  them.    Such  mixtures  occur  ill  all  substancea 
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vhicb  are  either  condacting  or  refracting  with  respect  to  a  vacaam,  or 
have  values  of  the  dielectric  and  magnetic  constants  different  fr'om 
those  of  a  vacuum.  From  the  motions  of  the  ponderable  parts  the 
corresponding  motions  of  the  ether  may  be  detenniued.  For  space 
free  from  punderahle  masses  and  filled  only  with  ether,  the  question 
ariHCBf  if  pure  ether  is  free  from  inertia  whether  it  makes  way  for  the 
motfoi)  of  material  bodies  through  it,  or  penetrates  tbem,  remaining  in 
either  cane  wholly  at  rest,  or  whether  it  in  part  moves  with  tbem  and 
in  part  makes  way  for  their  passage.  Under  the  a.<«aniptioa  that  the 
ether  has,  mechanically  considered,  the  properties  of  a  frictionless^ 
incompresKible  liquid,  but  without  inertia,  Helmholtz  showed  that  the 
laws  fonnded  by  Maxwell  and  elaborated  by  Hertz  are  sufficient  to 
completely  determine  the  laws  of  the  changes  and  motions  which  take 
place  in  the  ether.  The  recapitnlatiou  of  the  laws  of  electrodynamics 
under  the  primriple  of  least  action,  as  already  made  by  Helmholtz, 
required  for  this  purpose  only  the  introduction  of  the  hypothesis  of 
nncompressibility.  This  would  be  accomplished  by  supplying  in  the 
expression  for  electrokinetic  |K>teutial  the  left-hand  member  of  the 
definition  equation  of  incompressibility.  In  this  way  important  con- 
cluMlons  could  be  drawn  concerning  the  rise  and  decline  of  pondero- 
motive  forct^s  in  ether  at  rest  and  in  motion. 

Ill  an  incomplete  '■Sa]>pleuieottothe  paper:  Ou  the  principle  of  least 
action  In  electrodynamics"  (1891),  Helmholtz  returned  once  more  to 
IiIh  recii)>itulationof  the  Maxwell-Hertz  laws  of  electrodynamics  in  the 
|{»iierali/ed  form  of  the  principle  of  least  action,  in  order  to  decide 
whcLlitir  the  observed  values  of  the  total  euergy  of  eh'ctromagnettc 
priH'ChHCK  required  the  addition  of  a  linear  fnnction  of  the  velocities, 
nnd  wliin-H  thlH  is  tlio  case  to  derive  the  expression  for  the.ponderoQ]o- 
llv"  Ciirci'H  from  this  jirimiple. 

IIm'o  oiidt'd  the  long  series  of  brilliant  mathematical  and  mathemati- 
ciil  pliyMJriil  roHcarclies  of  tbi.s  incomparable  investigator,  which,  so  far 
an  WHH  piiHNJbtM  without  going  deeply  into  the  refinements  of  his  mathe- 
niiitlnil  iinalyn«H  I  have  endeavored  to  outline  before  you,  although 
(lertiilrily  hi  iin  Incomjdete  manner.  What  might  have  been  the  con- 
Uwin  lit  the  aiMrcHH  which  Helmholtz  was  preparing  for  the  quadren- 
nial mrlcntiflc  nKHombliigo  ut  Vienna  with  the  title,  "On  continuous 
ronitH  of  motion  and  apparent  substances,"  and  of  which  he  left  but  a 
few  |)iiK('ft  of  miiniiNcrijit  for  the  iiitrodoctiou,  will  forever  remain 
unknown  to  \in.  lint  one  may  well  snrmise  that  the  world  of  science 
would  bnve  rinind  tliitre  the  philosophic  kernel  of  the  great  researches 
wlili'h  he  ciiiTiixl  out  in  tlic  last  years  of  his  Ufeou  the  foondations  and  > 
prtuclpfcM  of  luechanloH  and  physics. 
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PHT8ICAL  PHENOMENA  OF  THE  UPPER  REGIONS  OF  THE 

ATMOSPHERE.' 


By  Prof.  Alfkbd  Cornu, 

I).  C.  L.,  F.  B.  S.,  Offleer  of  the  Legion  of  Honor,  Vie^FnMtnt  of  thr  Academy  of 

Scienwt,  Pari: 


Tbe  primary  and  effective  canee  for  almost  all  the  pbyaical  phe- 
Domeoa  that  occar  iu  the  earth's  atmosphere  is  the  heat  of  the  sao. 
The  atmosphere  may  then  be  considered  as  an  immense  heating  appara- 
tas  that  has  for  its  fire  the  sun,  for  its  boiler  tbe  earth  or  the  clouds 
heated  by  the  solar  rays,  and  for  its  condenser  the  radiation  that  occurs 
townrd  interplanetary  space. 

The  meaus  at  the  disposal  of  physicists  and  meteorologists  for  study- 
iug  the  different  regions  of  the  atmosphere  are  very  limited ;  they  are 
UBually  obliged  to  coutent  themselves  with  very  indirect  observations 
and  to  proceed  by  iiidaction.  Most  interesting  phenomena  do  indeed 
occur  in  the  upper  regions  at  almost  ioaccessible  heights.  The  pur- 
pose of  this  pitper  is  to  show  by  a  few  experiments  that  physical 
meteorologists  aie  beginning  to  attain  a  true  explanation  of  natnral 
phenomena.  You  will  see,  indeed,  that  in  certain  cases  they  can  not 
only  exactly  produce  those  phenomena,  but  often  they  are  able  to  effect 
a  true  synthesis  of  them  by  using  means  in  every  way  analogous  to 
those  actually  operative  in  nature. 

I  will  commence  by  enumerating  the  means  in  use  among  meteorolo- 
gists fur  stadying  the  different  regions  of  the  atrntinphere. 

The  most  direct  method  is  founded  upon  the  use  of  the  aerostat. 
'  The  aerostat,  or  balloon,  allows  us,  in  fact,  to  transport  our  meteorolog- 
ical instruments  into  the  very  midst  of  the  atmospheric  strata  we  wish 
to  study. 

Unhappily  this  method  is  dithcult,  expensive,  and  even  dangerous; 
therefore  it  is  employed  only  in  exceptional  cases.  Tbe  aerostatic 
ascensions  most  productive  of  results  have  been  those  of  Oay-Lussac 
(1804),  of  Glaisher  (1862),  and  recently  that  of  Dr.  Beraon  of  Stasafurt 
(18M),  who  ascended  more  than  9,000  meters. 


'  Traaslated  from  tbe  Proc«ediDgii  uf  the  Royal  Institntioa  of  Great  Britain,  Vol. 


£  npiHi  which  is 

■T  *  prism  for 

'  7-'-  nciK  -J  i^  the  focas  of 

■^-  ■  -r  .'*-■-.  ^  "ut?  p^aiKof  tbeleus, 

— ~       -ia_r-   r  3»?  *i;s  in  the  canl- 

kr**  t.T-  -.vR.xi.O.  a  white  region. 

.  ^  -.t-^- .-T  Twrar.ciTwlorlesa,    Bat 

.:■».  .f  :;  ■■  *  >t'«vtnuii  apoo  the 

'.  -^  r  »i:  ;.  «  -a  the  celebrated 


.  -iw  f-TT^  —  *  |rr»-TLxc  with  large  i 
rr—nr.-'L.  1  >'L  "dt  *c»r.  El.  a{^iears  colored, 
r.   i.t"!t:£  '.M  iiu:«  focus  as  L,  auunls  its 
-.iMi  iSK.  T-.u.  :ae  anilidal  bands  caased  by 


PHYSICAL  PHENOMENA  OF  UPPER  REGIONS  OP  ATM08PBERE.       129 

the  grating,  itppears  on  a  white  Bereen  beside  the  ball.    This  is  aa 
imitatiou  of  tbe  spectruiu  nnalysis  of  tlie  sciutillatioii  of  the  stars. 

We  see  by  these  few  examples  that  the  study  of  the  optical  phe- 
nomena of  the  atmosphere  aided  by  physical  analysis  and  synthesis, 
may  and  mast  Ceacb  us  mueh  concerning  the  calorific  pbeiioraeoaof 
inaccessible  regions. 

Ihfnamic  phenomena  of  the  atmonpliere. — Tbe  plieuomena  we  have 
hitherto  studied  are  dne  to  states  of  almost  complete  eiinihbrium  in 
the  atmospheric  strata;  we  might  call  them  static.  But  the  calorific 
action  uf  tlie  sun,  combined  with  the  c<>oling  action  of  radiation  into 
space,  may  produce  plicnomena  of  movement  presenting  every  degree 
of  intensity,  from  the  weakest  to  the  most  violent.  We  will  call  these 
dynamic  iibenomeua. 

They  are  manifested  under  very  diverse  forms: 

1.  Under  tbe  form  of  mechanical  energy;  which  results  iu  the  forma- 
tion of  winds,  whirlwinds,  cycloues,  waterspouts,  etc. 

'2.  LToder  the  form  of  calorific  energy;  which  results  in  the  formation 
ofi'londs,  raiu,  and  hail,  corresponding  to  the  changes  of  state  of  water, 
the  ever  variable  element  of  the  atmosphere. 

^.  Uudcr  the  form  of  electrical  energy ;  ligbtDing,  thunder,  etc. 

In  £act^  the  trausformatlon  of  solar  energy  into  mechanical  energy 
is  the  CoudameDtal  phenomeimu  and  the  one  that  leads  to  all  others. 
For  the  sake  of  brevity  this  is  the  only  transformation  that  we  will 
consider  here. 

The  most  simple  mechanical  pheuomenoii  that  is  pioduced  iu  tbe 
atmosphere  is  the  wind.  Tbe  wiud  has  for  its  origin  a  dilt'ereuce  of 
pressure  between  two  more  or  less  distant  points.  We  have  known 
since  Pascal  that  tbe  pressure  of  air  is  measured  by  the  barometer. 
We  might,  then,  think  that  the  direction  of  the  wind  could  always  be 
determined  by  the  indicatioDS  of  that  instrument;  that  is  to  say,  that 
the  wind  ought  to  go  from  the  point  where  tbe  barometrical  pressure 
is  greatest  to  the  poiot  wbeie  that  pressure  is  least. 

But,  strange  to  say,  this  is  almost  never  the  case;  the  real  direction 
of  the  wiud  is  always  oblique  to  that  theoretical  direction. 

This  fact  has  only  been  known  for  a  few  years.  It  has  been  put 
beyond  doubt  by  the  general  meteorological  charts  which,  conceived 
thirty  years  ago  by  Le  Verrier,  are  today  so  widely  circulated. 

The  wind  seems  to  move  aronud  the  point  in  tbe  chart  where  tbe 
minimam  is  found,  its  direction,  in  the  northern  hemisphere,  being  the 
reverse  of  that  taken  by  the  hands  of  a  watch,  or  in  the  same  direction 
with  the  hands  around  the  point  of  maximum  pressure.  In  tbe  south- 
em  hemisphere  these  directions  are  reversed. 

In  a  word,  the  most  ordinary  movement  of  the  atmosphere  is  a 
gjratory  one,  that  which  is  called  cyclonic. 

This  whirling  movement  of  the  air  was  noted  lonpr  ago.    We  see  f 
ng  quite  frequently  around  us;  dust  and  dead  leaves  are  rais 
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stractnre,  their  very  low  temperature,  the  pectUiar  noise  before  tbeir 
fall,  the  electric  phenomena  Uiat  accompany  them;  for  a  whirlwind  of 
hail  ia  a  true  inductive  electrical  machine — a  sort  of  repleiiisher. 

Artificial  reproduction  of  natural  gyratory  pkeHomena, — The  phe- 
nomena produced  by  the  rapid  rotation  of  air  are  quite  unexpected 
beciiQse  of  the  singular  behavior  of  the  forces  set  in  play.  The  ordi- 
nary laws  of  niechauics,  familiar  to  us  from  our  daily  experience,  appear 
to  be  entirely  different  fi^m  those  which  the  cyclonic  movementB  seem 
to  obey.  And  this  ought  not  to  astonish  us.  We  have  reduced 
mechanics  to  its  most  simple  elements;  a  materia)  parti<!le,  a  constant 
fori;e,  rectiliuear  motion.  Thauks  to  these  simplifications,  we  have  well 
mastered  the  motion  of  spherical  projectiles,  of  a  pendulum,  of  the 
rotatiou  of  a  fly  wheel,  etc.  But  as  soon  as  the  solid  body  becomes 
complex  in  form,  whenever  the  movement  that  it  may  assume  involves 
both  translation  and  rotation,  oar  imaginatiou  does  not  well  seize  it. 
If  to  the  complication  of  form  there  is  further  added  the  resistance  of 
the  surrounding  medium,  we  then  have  no  longer  any  idea  of  the 
probable  effect  that  will  result.  Witness  the  boomerang.  As  to  the 
movements,  they  are  so  difficult  for  us  to  foresee  that  we  are  always 
surprised  if  we  succeed  in  manipulating  a  vessel  filled  with  wat«r.  As 
soon  as  the  mass  of  liquid  becomes  somewhat  considerable  the  tumnltu- 
0D8  disturbance  that  we  involuntarily  cause  in  it  always  leads  ns  to 
commit  some  awkward  act. 

You  will  see,  then,  how  impossible  it  is  that  we  should  be  able  to 
predict  the  movements  of  the  atmosphere,  whose  mass  is  immense,  each 
cubic  meter  weighing  1,300  grams.  If  the  energy  expended  in  moving 
aach  masses  is  considerable,  inversely  the  stability  of  the  controlling 
forces  is  very  great,  since  it  must  last  until  that  energy  Is  dissipated 
by  passive  resistance,  almost  all  of  which  Is  due  to  friction  again.st  the 
earth's  surface. 

We  will  not  seek,  therefore,  to  analyze  the  forces  involved  in  the 
gyratory  movements  ofthe  air.  I  will  condne  myself  to  lepeating  before 
yon  some  of  the  beautiful  experiments  of  M.  Ch.  Weyher,  who  has  been 
BO  kind  as  to  come  himself  to  assist  me  and  to  set  up  the  apparatus  that 
1  now  place  before  you. 

You  see  here  a  sphere  composed  of  10  semicircular  blades,  made  to 
rotate  rapidly  around  the  axis  AB  (fig.  1,  PI.  I).  The  air  attracted  by 
this  rotation  produces  a  general  cyclonic  movement  symmetrical  with 
reference  to  the  plane  of  the  equator.  The  air  is  drawn  toward  the 
revolving  sphere  fixtm  all  sides,  as  may  be  shown  by  bringing  near  to 
it  smoke  or  bits  of  paper.  This  air  is  expelled  along  the  eiiuatorial 
circumference,  as  yon  will  see  by  these  paper  wreaths,  which  nmintaui 
themselves  concentrically  about  the  equator  in  a  position  that  reminds 
one  of  the  rings  of  Saturn,  the  tension  of  the  paper  and  its  rapid  vibra- 
tiou  clearly  showing  that  it  is  the  repulsion  of  the  eijuatorial  i-nnei 
that  maintaina  them. 
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•  .I, ..'III  -iriLiil.  n>i>  >i»>Miiti  '^I'litiii)  ill  the  f^ivUjumil  tilaiu\    A -«nxRtL 

I  -ii.ilI    I'<iii«IimI  III  <!■>'  •MMit>  wity.  CuHow  it  witJi  v:u-^iDl;^T^kM-;[v  imL 
,.  ,  ,       ,,i    .,1.  iiiii  ^     I  lit<  i-lxiivtai-y  nimihiadc  iMt^un  lOM^ikMtx 

I ) i,i,i<i,  oi  .1  i>i)ii)lii»ii  i-li.iiiKed  into sttxa«!tiDu  <ir  '-Juu^i^^us 

, I   ,1,,,  i„„it  |<i>iH4ijilctt  in  i>tw>i)y  iiDderstfliHl  wbrai  «tn«>ii>MtRr~ii<t 

,,    ,,. ,|  dm  .itii.1.  tnii  imU  iT<|iiiInive  fofr^mn  rlie  -^amttci  riis 

,,         ',1.    I,.,  I,      ('sitintK'  ittit'iu-Muii  tluiniiuUM  thnmi;}iutii  .«  jwihw 

,,,,       ,, „iiii>l  liic  i»t»lviiiic  Kphcre.    Thi»<.>aa 'wmwlt'imr^ 

,,     |, „i i,„  .|.l),.|,m  lmr.iu  rtiUoflMitwaC8r.     ti"  rli«;ur.irrii« 

,     ,  ,   ,.    ^ ii„,  ,,„  .1'..  ilio '•idtun  t[rado*l'?'iD>>'^  'utu  .1  Tiutiin; 

1,1,,  i,„,i,  III,,  lUiiHitt'wI'the water  toElutravolriim.-qiiiMre. 

, ,i.,.r.nt  .■!    .1  itiiliMxtx'Ut.     The  iapoctaojia  <it'  rtimiiia- 

I,  ,1    \|    \\  1,1  lit'i  tir  it<|inHliice  it  in  SDora  iHriiaiu;  :DniL. 

,    ,       J,     ,,.,,11     iiiiiuiiil  oi    tutfvUanical  ean^.  (KmnqwniliiMf 

I,  ,iM<  li  iiti  uix  ill  ititture. 

) , ,  ,  ,,,,.,,  ,i„i.i,  hIiivIi  ill  iitttuK  lias  its  awtmo  in  die  ninw 

,  , ,,..  .,.ii.  i«',  1.  4<(  ti|i  t>yi»  Ibu  jilaeed  tknvmiHas-^iiHive 

,_         I   ,,   .,,,,,,   I  , ,..  ii>  .li.iiiivUn- idtC. -t  PI- !'•    Wt'ii  diH  iHi  i» 

,,.!,,.    i>'i>  It'  '\n>  lovoliiiioiiH  i>tfr  minnte)  the-iiMnuJ  <iv'!JiHiK 

!.,,,. t.lii,ill>  (lio  sui'l^-*  of  tlio  w-at«,  wiiiKli  It  «wi 

,,,  ,1    „,,  .„.„     .  ^aiw|»'uit  -t|>imts  thttt  nnite  in  a<t»iu(  Mvmai 

J '.,  i>, '  1,1      v'>.'t><  iiiiHi-uuu  thMvforniBa  sheikf<»f<IfripIiiC' 

M. ,,  ii  M,i  ii  I  oiiii  ;ii>.;  'ut'ii.iti.    't'bidttttraotioD  as  aifiHtBaiw  b 

I,,   .)   J, I .,,,  .i,,ivi>,  1)  Don  Itio  wttttT  is  slightly  htfofiwL.    Th* 

I,.,,    1,,,,,,^    ,  ii.'^i.'o  ti.:'\s  I  hi>  I'tufty  iMTt  of  Thw^  in- i&HCiB- 

I  ).<  I  >M  114  >t>)i  i<  KIM  iikI 'U  >iit>iii><iiK'«l  r«>>;ularity.    It  ptasnt^  (bfo: 

II  III  lit'  I'  Ml  itii'  M  itM  u'i\  II >l  iiiv-  itui,  Fttisttif;  light  obftctfr  IStv  bcB 

<.     It  1 1  III,-  i>\p.  i.'ii.'iit   1:1  II  vtti  >it.vK>  ill  tb«open  air  at  tkf  «<frfcs 

'  X..  >i.|,i,i,    \\  ,.\  >>.-i  v'l   l>-'.  ;i;ii.-ti>l  'u  tssr.     With  the  sotaQK  &ptM- 

M<  l(  ^'111   >ts>  tit>u'   -u   ^  '''   '    ^>'  ^'t>)i  re|>eat  it  under  cttnaDy 

I  KiiilMii'iit      l"i<- 1  ui  tx '>;.(.-ott -It  thf  u[)perpartQftken». 

<  '   >r   I-    I  iiiiti'it  liii;li  .tK.I  I'lOM.iol  \t;tli  u  ^lass  f^oDt.     Th«  vUh-. 
1.  I  II,  <i<  .|ii>il  iiiiil  <i<tii<iii'ii-i;  ;«  Vtilo  siv)t\  is  |iltK*fcl  in  a  basin  at  Ibe 

I  ■  II   I  nit>  mil*-     A>.  MH>»  ;*■*  I  ,-^>t  tiio  l!»u  going  yoa  obserre  the 

.'  li.ii I  Mill  \\,u.'i.  tli.«  *.vM«  l«uM>W  rushinc  toward  the  foot  of  a 

<'iil<H>.>i  <.)  .iiriiiii.  HiHii)  ttiiit  ii>liiiiut  ii)k(>S(in  th«  form  described  above 
ami  Mi^^UtMM  •ivtu'ily  tlio  R|i|H>itntii(H>  of  a  ntitiiral  waterspont.  Below 
"rw  "— tliiit  in  l«  miy.  the  sUoMriikfarrangemeut  of  bab- 

b'  liollow  Aiiiiu'l  of  at«au.    A  lij:ht  ball  placed  on  the 

liT  is  tir«t  drawn  toward  th<i  (-enterof  distnrbaace 
I  fiiot.    Hy  iucreaaiug  the  velocity  of  rotatiou  (wbicb 
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iiu'reases  tlie  |>ower  of  tbc  cyclone)  the  ball  is  raifled  by  tbe  witti'rH|)Otit', 
sometimes  I'otlowtug  tlie  fnnuel  tUroiighout  its  entire  Leigbt. 

The  belicoidal  movement  of  tbis  ligbt  ball,  as  well  as  tlie  a]){>ear- 
ance  of  the  Debnlona  fannel,  sfaow  very  well  bow  the  waterspout  is 
formeil.  We  can  see  the  wfaorls  of  faelicoidal  cnrrents  superposed  on 
each  other,  some  going  ap,  others  going  down.  There  is  a  perpetual 
passing  and  repassing  between  the  fan  and  tbe  snrface  of  the  wntcr. 
As  all  the  currents  tnru  in  tliesamedirection,  if  those  going  np describe 
right  hand  helices,  those  going  down  describe  left-hand  helices.  It 
is  tbe  failure  to  recognize  thin  double  Tnovement  of  ascent  and  descent 
(hat  has  kept  up  the  misanderstanding  between  the  partisans  of  tbe 
ascending  spouts  and  those  who  claim  that  they  are  always  descending. 

The  ascensional  moremeut  of  tbe  light  ball  drawn  into  tbe  spout 
shows  tbe  upward  velocity  very  well.  It  is  more  difficnlt  to  demon- 
strate the  downward  motion,  which  some  theorists  consider  the  only 
one,  because  the  space  in  which  it  acts  when  the  experiment  is  shown  on 
this  reduced  scale  is  quite  contracted,  being  confined  to  the  very  interior 
of  tbe  uebnlous  envelope,  where  a  dark  color  shows  a  central  cavity. 
Still  I  shall  be  able  to  demonstrate  this  movement  by  means  of  a  very 
simple  device.  I  place  at  the  upper  part  of  the  spont  a  body  that  emits 
smoke.  We  see  that  this  smoke  is  soon  drawn  into  the  spout,  is  twisted 
into  a  long,  pointed  cone,  and  descends  toward  the  surface  of  the  water. 
This  is  exactly  what  is  seen  in  nature  when  in  a  marine  waterspout 
the  clouds  descend  in  tbe  form  of  a  funnel  that  attaches  itself  to  the 
"bush"  formed  by  the  water  on  the  surface  of  the  turbulent  ocean. 
This  fannel  might  be  called  the  safe  iiortion  of  the  spout.  Tbe  danger- 
ons  part  is  invisible,  being  the  envelope  of  air  that  whirls  about  this 
fannel.  Id  the  experiment  you  see  before  you  the  reverse  is  the  case. 
The  cyclonic  envelope  is  quite  visible,  thank.s  to  the  steam  tliat  has 
been  supplied.  The  internal  funnel  remains  dark.  By  introducing  tlie 
smoke  we  verify  its  existence  and  form. 

I  eonid  proceed  to  show  yon  that  with  a  similar  apparatus  it  is 
possible  to  reprodnce  a  cyclone  with  all  its  peculiarities.  The  varia- 
tions of  pressure  at  the  time  of  its  passage— th&  low  barometer,  the 
central  calm,  the  sudden  outburst  of  the  wind,  the  eye  of  the  storm, 
etc.— all  these  M.  Weyher  has  demonstrated.  But  time  is  wanting, 
Tbe  experiments  you  have  Just  seen  will  suffice,  I  hope,  to  show  how 
complete  these  exiwrimental  syntheses  are  and  how  they  Teprn<1uce 
natoral  phenomena  even  in  tbe  most  minute  details. 

I  will  conclude  by  merely  calling  your  attention  to  the  great  gain, 
both  in  extent  and  certitude,  that  must  accrue  to  meteorology  by  its 
becoming  au  experimental  science. 
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By  Professor  Dbwab,  M.  A.,  LL.  D.,  F.  R.  S.,*  M.  R.  L 


Of  all  tlie  forms  of  engineering  plant  used  in  low-temperature 
research,  the  best  and  most  economical  for  the  profluction  of  liquid  air 
or  oxygen  ia  one  based  ou  the  general  plan  of  the  apiiaratns  used  by 
Pictet  in  bis  celebrated  experiments  on  the  liquefaction  of  oxygen  in 
the  year  1878.  Instead  of  using  Pict«t's  combined  circuits  of  liquid 
sulphur  dioxide  and  carbon  dioxide,  maintained  in  contitiuoua  circula- 
tion by  means  of  compression,  litiuefactioD,  and  subsequent  evapora- 
tion, it  is  preferable  to  select  ethylene  (after  Gailletet  and  Wroblewski) 
for  one  circuit,  and  for  the  other  either  nitrons  oxide  or,  better,  carbon 
dioxide.  Further,  instead  of  making  highly  compressed  oxygen  to  be 
hqne&ed  by  heating  potassinm  chlorate  in  an  iron  bomb  directly  i-un- 
nected  with  the  refrigerator,  it  is  safer  and  more  convenient  to  use  gas 
pre\ion8ly  compressed  in  steel  cylinders.  The  stopcock  that  Pictet 
employed  to  draw  off  lifjuid  and  produce  sudden  expansion  was  in  bis  " 
apparatus  placed  outside  the  refrigerator  proper,  but  it  is  now  platted 
inside,  so  as  to  be  kept  cool  by  the  gases  undergoing  expansion.  This 
improvement  was  introduced  along  with  that  of  isolating  the  liquid 
gases  by  snrronnding  them  with  their  own  cooled  vapor  in  the  ai>pa- 
ratus  made  wholly  of  copper,  described  and  figured  in  the  Proceedings 
of  the  Boyal  Institution  for  1886.  In  all  continuously  working  circuits 
of  liquid  gases  used  in  refrigerating  apparatus,  the  regenenitive  princi- 
ple applied  to  cold,  first  introduced  by  Siemens  in  1857,  and  subse- 
qnently  employed  in  the  freezing  machines  of  Kirk,  Coleman,  Solvay, 
Linde,  and  others,  has  been  adopted.  Quite  inde]>endently,  I'rof.  Kam- 
erlingb  Onnes,  of  Leyden,  has  uaed  the  regenerative  principle  in  the 
coT.straction  of  the  cooling  circuits  in  his  cryogenic  laboratory.^  Apart, 
th  irefore,  from  important  mechanical  details  and  the  conduct  uf  the  gen- 
eral working,  nothing  new  has  been  added  by  any  investigator  to  the 
principles  involved  in  the  constrnction  and  use  of  low-temperature  appa- 
ratus since  the  year  1878.    Detailed  drawings  of  the  Royal  Institution 

'  Bead  at  weekly  eTcming  m«etinK  of  Boyal  luatitation  of  Great  liritain,  Marrli 
37,  1896,  Edward  Frankland,  esq.,  D.  C.  L.,  LL.  D.,  F.  R.  S.,  vice-president,  in  tbe 
chair.    Printed  in  Proeeedinga  of  tbe  InstitntioD,  Vol.  XV,  Febmarf ,  1897,  page  l.'^t 

'See  paper  by  Dr.  H.  EameTliDgb  Oimea  on  tbe  "Cryogenic  laboratory  at  Leidei 
aodou  the  prodaetton  of  very  low  temperatures,"  Amsterdam  Akademie,  1H94. 
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is  left  ill  tlie  vessel,  the  inflax  of  lieat  isdimiitinlied  to  one-sixth  part  of 
the  amount  entering  withoat  the  metallic  coating.  The  total  efl'ectof 
the  high  Tacnnin  and  silvering  is  to  reduce  the  ingoing  hent  to  one- 
thirtieth  part,  or,  ronghly,  3^  per  cent.  Vessels  constructed  with 
three  dry-air  spaces  only  reduced  the  influx  of  heat  to  35  per  cent.  An 
ordinary  mercary  vacnnm  vesnel  is  therefore  ten  times  more  economical 
for  storing  liquid  air,  apart  from  considerations  of  mantpulntion,  than 
a  triple  anu  alar-spaced  uir  vessel.  It  has  been  suggested  that  the 
metallic  coating  of  mercury  does  no  good,  because  Pietet  has  found 
that  all  kinds  of  matter  ttecoine  transparent  to  heat  at  low  tempera- 
tures. The  results  above  mentioned  dispose  of  this  assumption,  aud 
direct  experiment  proves  that  no  increase  in  the  transparency  of  glass 
tothermiil  riwliation  is  effected  by  cooling  it  to  the  boiling  point  of  air.' 
An  ocular  demonstration  of  the  correctness  of  the  above  statements 
can  easily  be  shown  by  mounting  on  the  same  stem  three  similar 
double-walled  test  tubes,  two  of  which  have  been  simultaneously 
exhausted  and  sealed  off  from  the  air  pump  together,  while  the  third  is 
left  full  of  air.  One  of  the  vacnnm  test  tubes  is  coated  with  silver  in  the 
interior.  The  apparatus  i.s  shown  in  fig.  1,  Plate  III.  A  has  the  annu- 
lar space  filled  with  air;  B  and  C  are  exhausted,  G  being  coated  with 
silver.  On  tilling  liquid  ethylene  to  the  same  height  into  each  vessel 
and  inserting  corks  with  similar  gas  jets  and  igniting  the  escaping  gas, 
the  relative  volumes  of  the  fiames  is  roughly  proportional  to  the  inflnx 
of  heat,  and  resembles  what  is  shown  in  the  drawing.  It  is  satisfac- 
tory to  have  independent  corroboration  of  the  advantages  of  the  use  of 
vacuum  vessels,  and  this  may  be  found  in  a  paper  by  Prof.  Kamertingh 
Onnes,  of  Leyden,  communicated  to  the  Amsterdam  Academy  of  Sci- 
ences, 18!)6,  entitled  "Remarks  on  the  liquefaction  of  hydrogen,  on 
thermodynamical  similarity,  and  in  the  use  of  vacuuni  vessels,"  in 
which  he  says:  "In  the  same  degree  as  it  K-comes  of  more  importance 
to  elTectnate  adiabatic  processes  at  very  low  temperatures,  the  impor- 
tance of  the  vacuum  vessels  of  Dewar  will  increase.  It  seems  to  me 
that  they  are  the  most  important  addition  since  1883  to  the  appliances 
for  low-temperature  research."  .  .  .  "It  is  a  rejoicing  prospect  that 
practical  engineers  will  doubtless  feel  the  want  of  such  nonconducting 
uaDtles.    For  as  soon  as  tliis  stage  is  reached  numbers  of  heads  and 

'At  a,  meeting  of  the  Frencli  Academf  in  1895  a  paper  by  M.  Solvny,  of  Dnisgela. 
taaioad,  in  which  my  1892  tlerice  of  vacuum  veHBeUwaaiittributed  toM.  Cailli-tet, 
and  tacitly  arceptcd  by  him.  lu  1KT5I  buil  nlreiiily  iieeil  it  hijiLly  exhaustive  vesoel, 
of  similftT  shape  to  the  vacuum  tent  tube,  in  calorimetrio  experiraentn.  See  paper 
en  "The  phyHiral  constants  of  byilrogeninm,"  Traua.  Koy.  tioc.  Eil.,  Vol.  \XVII. 
Even  aa  late  ax  April,  1896,  Professor  TJldeu,  II.  Sc,  F,  E.  .S.  of  tho  Royal  Collage  of 
>^ciei]ce,  in  u  paper  entitled  "  [/Apparei)  dn  Dr.  Hampsou  pour  la  1ii|iir^faction  do 
Van  et  des  ga»,"  comiunnicated  to  the  Revue  (ii'ni^raiii  des  Scieni'eH,  thoiiglit  proper 
to  write  OH  follows:  "  Uu  maiichon  de  vem-,  dani  lequel  on  a  fait  levido  (uianvl'"" 
•emblable  ii  ceux  il^orits  par  Cailletet  ou  Pewar)."  Wherp  did  I'rofesaor  Tildr 
Cailletet'n  d>-Bcription  of  n  vacuum  vessel  I  This  is  not  the  only  ststomeDt 
papef  requiring  correction.  CiOOqIc 
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hands  are  disposed    to  take  over  the  problem  from  the  scieutific 


Solid  air. — As  Professor  Olszewski  has  receDtly  alleged  that  air  does 
Dot  solidify  at  the  lowest  pressures, '  the  author's  former  experiments 
were  repeated  on  a  larger  scale.  If  a  liter  of  liquid  air  is  placed  in  a 
globular  silvered  va<;utim  vessel  aud  subjected  to  exhaustion,  as  much 
as  half  a  liter  of  solid  air  can  be  obtained  and  maintained  iu  this  con- 
dition for  half  an  hour.  At  first  the  solid  is  a  stiff,  transparent  jelly, 
which,  when  examined  in  the  magnetic  field,  has  the  liquid  oxygen 
drawn  out  of  it  to  the  poles.  This  proves  that  solid  air  is  a  nitrogen 
jelly  containing  liquid  oxygen.  This  statement  was  made  iu  a  paper 
"On  the  retraction  aud  dispersion  of  liquid  oxygen,  and  the  absorption 
spectrum  of  liquid  air"  (Professors  Liveing  and  Dewar),  published  iu  the 
Philosophical  Magazine  for  September,  1895,  yet  Professor  Olszewski, 
in  1806,'  is  declaring  "that  Professor  Dewar  has  stated  that  liquid  air 
solidifies  as  such,  the  solid  product  containing  a  slightly  smaller  per- 
centage of  nitrogen  than  is  present  in  the  atmosphere.  My  exiieriments 
have  proved  this  statement  to  be  incorrect."  The  Cracow  professor  may 
well  have  the  satisfaction  of  correcting  a  statement  which  was  never 
made  by  me.  He  seems  also  to  forget  that  in  1893  {Proceedings  Koyal 
Institution,  "Lecture  on  liquid  air"),  it  is  distinctly  stated  that  "all 
attempts  to  solidify  oxygen  by  its  own  evaporation  have  failed."  Solid 
air  can  only  be  examined  in  a  vacuum  or  iu  an  atmosphere  of  hydrogen, 
because  it'instantly  melts  on  exposure  to  air  cooled  to  the  temperature  of 
its  boiling  point,  giving  rise  to  the  liquefaction  of  an  additional  ijuimtity 
of  air.  It  is  strange  to  see  a  mass  of  solid  air  melting  in  contact  with 
the  atmosphere,  and  all  the  time  welling  up  like  a  kind  of  fountain.  The 
apparatus  shown  in  fig.  2,  Plate  III,  is  well  adapted  for  showing  the  direct 
liquefaction  of  tlie  air  of  a  room  and  its  solidification.  A  large  vacuum 
vessel,  O,  is  mounted  on  a  brass  stand  containing  another  smaller  ves!«l, 
B,  of  the  same  kind.  By  means  of  the  two  cocks,  0  and  D,  either  the 
large  vessel  U  or  the  bulb  B  can  be  connected  to  the  airpnmp  circuits 
Liquid  oxygen  is  placed  in  A,  which  can,  by  opening  the  stopcock  D,  be 
cooled  to  — 210°  by  exhanstion.  If  the  stopcock  C  Is  shut  and  a  baro- 
metric gange  is  joined  on  at  F,  the  dropping  of  the  liquid  air  from  the 
outside  of  A  will  go  on  even  at  as  low  a  pressure  as  4  inches  of  mercury; 
which  is  ei|uivalent  to  saying  that  this  apparatus  would  liquefy  air  if 
taken  by  a  balloon  10  miles  high.  If  F  is  now  o^iened,  giving  a  supply 
of  nir  at  atmospheric  pressure,  the  cup  B  soon  fills  with  liquid  air. 
Unless  the  air  supply  is  passed  over  soda  lime  and  strong  sulphuric, 
the  liquid  is  always  turbid  from  the  presence  of  ice  crystals  and  solid 
carbonic  acid.  Now,  on  shutting  F  and  opening  Q  the  air  in  B  is  place4l 
under  exhaustion  and  soon  solidifies  to  a  jelly  like  mass.  When  the 
vacuum  is  about  14  mm.  then  the  temperature  of  the  solid  air  is  — 232° 
by  the  platinum  resistance  thermometer,  or  — 21(1°  C.  On  allowing 
the  air  to  enter,  the  solid  instantly  melts  and  more  liquid  air  is  formed. 

>  Phil.  Mftg.,  Fell.,  1896.  '  See  Nfttare,  Aug.  20,  p.  378. 


1.  LtQuiD  Ethylene  Flame  CALoniMETER. 

.  Leciure  apparatus  for  Projecting  the  liquefactk 

Atmospheric  Pressure   and  its 
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The  same  experiment  may  be  repeated  many  times  by  simply  opening 
and  Bfantting  the  stoitcocks.  When  the  liquid  air  loses  too  mnch 
nitrogen,  then  it  no  longer  Holidifles.  This  apparatus  may  be  used  to 
show  that  wlien  liquid  air  is  rnnuing  freely  into  B  liquefaction  is 
instantly  arrested  by  allowing  hydrogen  to  enter  instead  of  air. 

Sampkii  of  air  liquefied  in  nealed  fiasks. — lo  a  paper  "On  the 
relative  behavior  of  chemically  prepared  and  of  atmospberic  nitro 
gen,"  comniuoicated  to  the  Chemical  Society  in  December,  1894,  the 
plan  of  manipulating  such  samples  was  described.  The  arrangement 
shown  in  Plate  I V,  tUastrates  how  oxygen  io  A  onder  0.21  of  an  atmos- 
phere pressure,  and  nitrogen  in  B  under  0.79  of  an  atmosphere,  can  be 
compared  as  to  the  first  appearance  of  liquefaction  in  each,  and  finally 
as  to  their  respective  tensions  when  tbe  temperature  is  as  low  as  that 
of  solid  nitrogen.  Tbe  flasks  A  and  B  have  the  capacity  of  more  than 
a  liter.  Each  has  a  manometer  sealed  on,  and  in  each  phosphoric 
anhydride  is  inserted  to  secure  dryness.  A  large  vacuum  vessel,  G, 
holds  the  liquid  air,  which  is  gradually  lowered  in  temperature  by 
boiling  under  ezfaausttou.  The  moment  liquefaction  takes  place  the 
tnbes  D'  D"  begin  to  show  liquid.  The  tubes  must  be  drawn  fine  at 
the  end  when  accurate  observations  are  being  made.  In  the  same 
manner  two  oxygen  flasks  were  compared.  One  was  filled  with  gas 
made  from  fused  chlorate  of  potash  contained  in  a  side  tube  sealed  onto 
the  flask.  Tbe  other  was  treated  in  tbe  same  way,  only  the  chlorate 
had  a  little  peroxide  of  manganese  added.  The  former  gave  perfectly 
clear  blue  liquid  oxygen;  the  latter  was  turbid  from  solid  chlorine. 
Two  flasks  of  dry  air  that  had  stood  over  phosphoric  anhydride  were 
liquefied  side  by  side,  the  only  difference  between  the  samples  being 
that  one  was  free  from  carbonic  acid.  The  one  gave  a  liquid  that 
was  perfectly  clear;  the  other  was  turbid  from  the  0.04  per  cent  of 
carbon  dioxide. 

The  temperature  was  lowered  by  exhaustion  until  samples  of 
li(|Qid  air  from  two  flasks  placed  side  by  side  as  in  Plate  IV,  became 
solid.  The  flasks  were  then  sealed  off  for  the  purpose  of  examining 
the  composition  of  tbe  air  that  had  not  been  condensed.  The  one 
sample  contained  oxygen,  21.19  per  cent,  and  the  other  20.7  per  cent. 
This  is  an  additional  proof  to  the  one  previously  given  that,  substan- 
tially, the  oxygen  and  nitrogen  in  air  liquefy  simultaneously,  even 
under  gradually  diminishing  pressure,  and  that  in  these  experiments 
all  the  known  constituents  of  air  are  condensed  together.  These 
results  finally  disprove  the  view  expressed  in  "A  system  of  inorganic 
chemistry,"'  by  Professor  Bamsay,  where  he  says:  "Air  has  been 
liquefied  by  cooling  to  — 192°,  but  as  oxygen  and  nitrogeu  have  not  the 
same  boiling  points,  tbe  less  volatile  oxygen  doubtless  liquefies  first.'' 
Hy  old  experiments*  showed  that  the  substance  now  known  as  argon 
became  solid  before  nitrogen,  bat  chemical  nitrogen  and  air  nitrog' 

'  1891,  p.  TO.  1  See  I-roc.  Chem.  8oc.,  Dao.,  mH.  , 
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with  its  0.1  per  cent  of  argou,  bebaved  in  substantially  the  Bame  way 
on  liquefaction. 

Liquid  nitric  oxide.— Great  interest  attaches  to  tho  behavior  of  nitric 
oxide  at  low  temperatures.  Professor  Olszewski  has  examinetl  the 
liquid  and  describes  it  as  colorless.  Samples  of  nitric  oxide  have  been 
prepared  in  different  ways.  These  have  been  transferred  to  li<|nefac 
tion  flasks,  where  they  were  left  in  contact  with  anhydrous  potash,  sul- 
phuric acid  alone,  a  mixture  of  sulphate  of  aniline  and  sulphuric  acid, 
or  phosphoric  acid,  for  many  days  before  use.  Eacli  of  the  samples, 
when  cooled,  gave  a  nearly  white  solid,  melting  into  a  blue  liquid.  The 
color  is  more  marked  at  the  melting  i>oiut  than  at  the  boiling  point. 
Liquid  nitric  oxide  is  not  magnetic;  neither  is  the  solid  phosphorescent. 
Color  in  the  oxides  of  nitrogen  evidently  begins  with  the  second  oxide. 
Solid  nitric  oxide  does  not  show  any  chemical  action  when  placed  in 
contact  with  liquid  oxygen, provided  the  tube  containing  it  is  completely 
immersed;  bnt  if  the  tube  fall  of  liquid  oxygen  is  lifted  into  the  air, 
almost  instantly  a  violent  explosion  takes  place. 

Specijic  gravities  talen  in  liquid  oxygen. — In  a  good  vacuum  vessel 
specific  gravities  may  be  taken  iu  liquid  oxygen  with  as  great  ease  as 
in  water.  The  shape  of  the  vacuum  vessel  which  works  best  is  shown 
in  fig.  1,  Plate  Y.  It  must  contain  excess  of  mercury  and  be  thoroughly 
boiled  out,  so  that  tlie  inner  vessel  becomes  completely  coated  with  a 
mercury  mirror  as  soon  as  the  liquid  oxygen  is  Sited  in.  Instead  of  a 
mercury  vacuum,  the  interior  may  be  silvered  and  highly  exhausted  by  a 
Sprenglo  pump.  TLe  flasks  must  also  be  thoroughly  clean  and  free 
from  dust,  otherwise  the  liquid  oxygen  will  not  remain  tranquil.  Any 
superheating  is  prevented  by  inserting  a  long  narrow  piece  of  wood  tor 
a  moment  before  the  final  weighing. 

Some  twenty  substances  were  weighed  in  liquid  oxygen,'  and  the 
apparent  relative  density  of  the  oxygen  determined.  Tbe  results  were 
then  corrected,  using  Fizeau's  values  for  the  variation  of  the  coefficient 
of  expansion  of  tbe  solids  employed,  aud  thereby  the  real  density  of 
liquid  oxygen  calculated.  The  resnlting  vnlue  was  1.1375,  bar.  766.5, 
in  the  case  of  such  different  substances  as  cadmium,  silver,  lead,  cop- 
per, silver  iodide,  ealc-spar,  rock  crystal.  Tlie  following  table  gives 
some  of  the  observations: 
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Direct  determinations  with  an  exbauBt«d  gInsH  cylindrical  vessel 
displacing  about  22  c.  c.  gave  1.137H.  Fizeau's  parabolic  lav  for  the 
variation  of  the  coefllcieDt  of  expansion  holds  down  to  — ina*^,  Ihe 
solid  whicli  showed  the  greatest  contractiou  was  a  block  of  roiiipresaed 
iodine;  the  one  that  contracted  least  being  a  compressed  cylinder  of 
Bilver  iodide.  Wroblewski  gave  the  density  of  lirjoid  oxygen  at  the 
boiUog  point  as  1.168,  whereas  Olszewski  found  1,124.  The  variation 
of  density  is  abont  iO.0012,  for  '20  mm.  barometric  pressure.  Mnch 
vork  requires  to  be  done  in  the  accurate  determination  of  the  iihysical 
coustants  of  li<iuid  gases. 

Liquid  air. — A  large  silver  ball  weighed  in  liqaid  air  gave  the 
density  of  the  latter  as  0.910,  and  the  corresponding  density  of  nitro- 
gen at  its  boiling  point  0.850.  It  is  difficult  to  be  quite  certain  that 
the  constitueuts  of  liquid  air  are  in  the  same  proportion  as  the  gaseous 
ones,  BO  that  further  experiments  must  be  made.  Liquid  air  kept 
in  a  silvered  vacuum  ve.ssel  gradually  rises  in  boiliug  point  from  the 
instant  of  its  collection,  the  rato  of  increase  during  the  first  hour  being 
Dearly  directly  projtortioual  to  the  time.  As  the  increase  aiiiouiit>e<l  to 
1°  in  ten  minutes,  the  boiling  jioint  of  oxygen  ought  to  have  been 
reached  within  two  hours.  The  density  of  liquid  air,  however,  does 
not  reach  that  of  pure  oxygen  even  after  thirty  hours'  storage.  The 
large  ai)paratDS  of  the  Eoyal  Institution  for  air  liqnefaetion  can  be 
arrauged  to  deliver  liquid  air  contAining  49  per  cent  of  oxygen,  which 
gives  ofi'  gas  containing  20  per  cent  of  oxygen,  rising  after  six  hours  to 
12.S  per  cent. 

Combustion  in  liquid  ojrygen. — A  small  ignited  jet  of  hydrogen  burns 
coutinnously  below  the  surface  of  liquid  oxygen,  all  the  water  produced 
being  carried  away  as  snow.  There  is  a  <'x>nsiderable  amount  of  o»:one 
formed,  which  concentrates  as  the  liqnid  oxygen  evaporates.  In  the 
same  way  graphite  or  diamond,  when  properly  ignited,  bums  coutina- 
ously  on  the  surface  of  liquid  oxygen,  producing  solid  carbonic  acid 
aud  generatiug  ozone.  If  lii^uid  oxygen  is  absorbed  in  wood  charcoal 
or  cotton  wool  and  a  part  of  the  body  beated  to  redness,  ombustion 
can  start  with  explosive  violence. 

Oax  jetn  containing  liquid. — The  experiments  of  Joule  and  Thomson 
aud  Begnault  on  the  temperature  of  gas  jets  issuing  under  low  pres- 
sures are  well  known.  The  following  observations  refer  to  the  pressure 
required  to  produce  a  lowering  of  temperature  sufficient  to  yield  liquid 
in  the  gas  jet. 

The  apparatus  used  in  the  study  of  highly  compressed  gas  jets  is 
re]ire8eut«d  in  fig.  2,  Plate  V,  where  d  is  a  vacuum  tube  which  holds  a 
cod  of  pli>e  about  5  mm.  in  diameter  surrounded  with  carbon  dioxide  or 
liquid  air  for  cooling  the  gas  before  expansion,  and  A  is  a  small  bole  in 
the  ulver  or  copper  tube  about  i  mm.  in  diameter,  which  takes  the  place 
.of  astopco4;k.  When  carbon  dioxide  ga«  at  a  pressure  of  30  or  40  atmos- 
^he^  is  expanded  through  such  an  appertnre,  liquid  can  be  seen 
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where  the  jet  impingree  on  the  wall  of  the  yacaom  tabe,  along  with  a 
cotiniderable  atnoant  of  solid.  If  oxygeu  gas  escapes  ftxtm  the  small 
hole  at  the  pressare  of  100  atmospheres,  haying  been  cooled  previoasly 
to  — 79<^  in  the  Tessel  C,  a  liquid  jet  is  just  visible.  It  ia  interesting 
to  note,  in  passing,  that  Pictet  could  get  no  liquid  oxygen  jet  below 
27U  atmospheres.  This  was  due  to  hiu  stopcock  being  massive  and 
ontnide  the  reftigerator.  If  the  oxygen  is  replaced  by  air,  no  liquid 
jet  (;an  be  seen  until  the  pressnre  is  180  atmospheres,  but  on  raising 
the  pressure  to  300  atmospheres  the  litjuid  air  collected  well  from  the 
Him|ile  nozzle.  If  the  carbon  dioxide  is  cooled  by  exhaustion  (to  about 
I'inch  pressure)  or  — 115°,  then  liquid  air  can  easily  be  collected  in  the 
small  vacuum  vessel  D,  or  if  the  air  pressure  is  raised  above  200  atmos> 
pheres,  keeping  the  cooling  at  — 79°  as  before,'  The  chief  difficulty  is 
111  collecting  theliiiuid,  owing  to  the  rapid  current  of  gas.  The  amount 
of  liquid  in  the  gaa  jet  is  small,  and  its  collection  i»  greatly  facilitated 
by  directing  the  spray  on  a  part  of  the  metalUc  tube  above  the  little 
hole,  or  by  increasing  the  resistance  to  the  escaping  gas  by  placing 
Hiiino  few  turns  of  the  tube,  like  B  in  the  figure,  in  the  upper  portion  of 
the  viiouuni  tube,  or  generally  by  pushing  in  more  tube  in  any  form. 
A  VHcnuin  vessel  shaped  like  an  egg-glass  also  works  well.  This  prac- 
tically econoiiii/.es  the  cool  gas,  which  is  escaping  to  reduce  the  tempera- 
ture of  the  gas  before  expansion,  or,  in  other  words,  it  is  the  cold 
regenerative  ])rlnciple.  Oolemau  pointed  out  long  ago  that  his  air 
tnaclilni'  could  be  adapted  to  deliver  air  at  as  low  a  temperature  as  has 
yet  Ihhmi  produced  in  physical  research.  Hoth  Solvay  and  Linde  have 
taken  patents  for  the  i>roduction  of  liquid  air  by  the  application  of  cold 
regvurnitinn,  but  the  latter  has  the  credit  of  having  succeeded  in 
tH>n  strut 'ting  an  industrial  apparatus  that  is  lowered  in  temperatare  to 
—  40",  or  to  the  critical  point  of  air,  in  about  fifteen  hours,  and  trom 
wlilcli  liquid  air  eoutAlniug  70  i>©r  cent  oxygeu  is  collected  after  that 
time. 

For  iK'tter  isolalioii,  the  pipe  can  be  rolled  between  two  vacanm 
tulKw,  the  outor  one  tteing  alHnit  9  inches  long  and  1^  inch  diameter,  as 
shown  in  flg.  ',\,  IMate  V.  The  a}>ertnre  iu  the  metal  pipe  has  a  little 
pioc)!!  of  glass  tube  over  it,  which  helps  the  collection  of  the  liquid. 
With  HUcli  a  simple  Ap|>aratus,  au4l  an  air  supply  at  200  atmospheres 
with  no  prtn-iouH  (tMkliug,  liqnid  air  begins  to  collect  iu  about  five  min- 
uti's,  but  tlie  liquid  jet  oan  Im'  »eeu  iu  between  two  and  three  minutes. 
It  is  not  advi.s^ble  to  work  below  100  atmospheres. 

In  Hg.  4,  Plate  \~,  the  met^tllip  tube  iu  the  racnam  vessel  is  placed 
iu  hort/ontal  rin^^.  iMiviu^  a  c<entrMl  tulte  to  allow  the  glass  tube  O  to 
IMS.S  whirh  is  usihI  to  (<ool  IxxUes  or  e\Amiiie  gases  under  compression. 
The  iuner  tnl>e  ran  1h'  HIIihI  for  an  hich  with  liquid  air  onder  a  pressure 

>  ""hr  ti.|«.tl»i-Him  t»  uWlwK  |il«rt«  iiillii!ioi)iiliti<'iiit  It  tinim  the  critical  t«inp«r»- 
ulnns     Hxitmi!''"  niixiUrtj' Miwml^tl  at  Ihr  mpltutgi  |H>inl  of  ain— 214'~C.)  b«havt« 
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of  60  atmosplieres  in  about  three  miuntes.  Generally,  in  the  experi- 
mente,  abont  J  to  4  cubic  feet  of  air  passes  throogh  the  difTerant  sized 
needle  boles  per  minute  when  the  prossnre  is  about  200  atmospheres. 
As  the  SDtall  hole  is  apt  to  get  stopped,  ibr  general  working  it  is  bett«r 
to  nse  a  uecdle  stopcock,  worked  fh>iu  the  outside  by  a  screw  passing 
throngh  the  middle  of  the  coil  of  pipe. 

In  testing  the  indiTldnal  coils  aa  to  the  amount  of  air  passed  per 
miiinte  under  different  pressures,  the  arrangement  of  apparatus  shown 
in  I'late  VI  was  used. 

A  is  a  bottle  of  compressed  air,  to  which  the  copper  pipe  It  is 
attached.  This  coiled  ]iipe  first  passes  through  the  vessel  0,  containing 
vater,  in  order  to  equalize  the  temperature,  and  then  through  the  cork 
D  into  the  glass  vacnum  vessel  E,  when  it  is  led  by  a  large  number  of 
convolutions  to  the  bottom,  terminatiDg  in  a  minute  pin-hole  valve  F. 
The  released  air  passes  from  F  right  up  through  the  coils  and  out  of 
theventby  the  copper  tube  (i,  which  in  it«  turn  passes  through  a  vessel 
H,  similar  in  its  object  to  C,  and  is  then  conducted  to  a  measuring 
meter  J. 

The  following  table  gives  the  results  of  a  series  of  experiments  made 
on  one  coil  as  to  the  rate  of  discharge  of  air  at  different  pressures: 

Cubic  f«et  ppr 


The  results  show  that  the  rate  of  air  discharge  through  a  hno  aperture 
is  directly  projMirtionatc  to  the  pressure,  or  the  velocity  with  which 
the  gas  on  the  high-pressure  side  enters  the  orifice,  is  independent  of 
the  density.  Actual  measurements  of  the  size  of  the  needle  hole 
residted  inprovingthatthereal  velocity  of  the  air  entering  the  aperture 
on  the  high-pressure  side  was  about  500  feet  per  second.  In  all  these 
experiment-8  the  temperature  of  the  coil  was  not  allowed  to  get  so  low 
as  to  produce  any  visible  trace  of  condensation  in  the  air  jet.  .lust 
before  liquefaction  the  rate  of  discharge  of  air  through  the  same  aper- 
tore  may  be  doubled,  the  pressure  remaining  steady,  owing  to  change 
in  the  viscosity  of  the  gas  and  other  actions  taking  place  at  low 
temperatures.  The  above  measurements  can  only  be  regarded  as  rep- 
resenting the  general  working  of  such  regenerating  coils. 

A  doable  coil  of  pipe  has  advantages  in  the  conduct  of  some  *ix\f 
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meiits.  The  efficiency  is  small,  not  exceeding  tbe  liquefaction  of  2  to 
5  per  cent  of  the  air  passing,  but  it  is  a  quick  method  of  rea4;hing 
low  temperatures,  and  easy  to  use  for  cooling  tubes  and  collecting  a 
few  huodred  c.  c.  of  liquid  air,  especially  if  the  compressed  air  is  deliv- 
ered at  the  temperature  of  — 79<^  before  expansion.  With  larger  Tacnnm 
vessels  and  larger  regenerating  coils,  no  doubt  the  yield  of  li<iuor  could 
be  increiised.  Tbe  liquid  air  resulting  from  the  use  of  this  form  of 
apparatus  contains  about  50  per  cent  of  oxygen.  If  the  air  is  cooled 
with  solid  carbonic  acid  previous  to  its  reaching  tbe  vacuum  tube  coil 
of  pipe,  the  only  change  is  to  reduce  the  percentage  of  oxygen  to  40. 
Successive  samples  of  liquid  taken  daring  the  workiug  had  nearly  the 
same  composition.  If  the  arrangement  shown  in  Plate  VII  is  used,  with 
silver  tube,  about  ,\  inch  bore,  and  a  foot  or  two  coiled  in  upper  part 
of  tbe  vacnutD  vessel,  liquid  air  containing  25  per  cent  of  oxygen 
is  obtained.  On  the  other  hand,  the  percentage  of  oxygen  can  be 
increased  by  a  slight  change  in  the  mode  of  working. 

In  the  above  experiments  air  is  taken  at  tbe  ordinary  temperature, 
.  which  is  a  little  above  twice  its  critical  temperature,  and  is  partially 
transformed  in  a  period  of  time  which,  in  my  experiments,  has  never 
exceeded  ten  miuutes,  simply  and  expeditiously  into  the  liquid  state 
at  its  bniling  point,  — 194°,  or  a  fall  of  more  than  200°  has  been 
effected  in  this  short  period  of  time. 

E.tperimenta  on  hydrogen. — Wroblewski  made  the  first  conclusive 
ex])eriDientB  on  the  liquefaction  of  hydrogen  iu  January,  1884,  He 
found  that  the  gas  cooled  in  a  tube  to  the  boiling  point  of  oxygen,  aod 
expanded  quickly  from  100  to  1  atmospheres,  showed  the  same  appear- 
ance of  sudden  ebullition  as  Cailletet  had  seen  in  his  early  oxygen 
experiments.  No  sooner  had  the  announcement  been  made  than  Ols- 
zewski confirmed  the  result  by  expanding  hydrogen  fVom  190  atmos- 
pheres previously  cooled  with  oxygen  and  nitrogen  boiling  in  vacuo. 
Olszewski  declared  in  1884  that  he  saw  colorless  drops,  and  by  partial 
expansion  to  40  atmo3i)here8  the  liquid  hydrogen  was  seen  by  him  run- 
oinfc  down  the  tube.  Wroblewski  could  not  confirm  these  results,  his 
hydrogen  being  always  what  he  called  a  "liquide  dynamique."  He 
proposed  to  get  "static"  liquid  hydrogen  by  the  use  of  hydrogen  gas 
as  a  cooling  agent.  I'rofessor  Bamsay,  in  his  System  of  Inorganic 
Chemistry,  published  long  after  the  early  experiments  of  Pictet,  Call, 
letot,  Wroblewski,  and  Olszewski  on  the  liquefaction  of  hydrogen  had 
been  made,  sums  up  the  position  of  the  hydrogen  question  iu  1891  as 
follows  (p.  28): 

It  has  never  been  condensed  to  the  solid  or  liquid  states,  Oailletet, 
and  also  Pictet,  who  claim  to  have  condensed  it  by  cooling  it  to  a  very 
low  temperature  and  at  the  same  time  strongly  compressing  it,  had  in 
their  hands  impure  gas.  Its  critical  temperature,  above  which  it  can 
not  appear  as  lifioid,  is  probably  not  above  — 230°. 

It  has  to  be  remembered  that  T  ]>er  cent  of  air  by  volume  in  hydro- 
en  means  about  50  per  cent  by  weight  of  the  mixed  gases.     Even  1 
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per  cent  by  volame  Id  bydrogeu  is  eqnivaleat  to  some  13  per  veut  by 
ireight 

The  following  table  gives  tbe  tbeoretical  temperatures  reached  for 
au  instant  during  tbe  adiabatic  expansion  of  bydrogeu  noder  different 
conditions: 


SOXPIoMt) 

300  (Oallletet) 

100  (Wrobl*irikl>. 

lW<01>t«w*U)... 


ThAorellcBl 
Host  k>m- 

(abgntau). 


Tlie  calcnlations  ebow  tbat  little  is  gained  by  tbe  nse  of  bigb  pres- 
rnires.  Tbe  important  inference  to  bedrawn  from  tUe  tlgares  istostart 
vith  as  low  a  temperatare  as  possible. 

From  18S4  autil  bis  deatb,  in  tbe  year  1888,  Wroblewski  devoted  bis 
time  to  a  laboriona  research  on  the  ieothenuals  of  hydrogen  at  low  tem- 
peratiu-ett.  Tbe  data  thus  arrived  at  enabled  bim,  by  the  use  of  Van 
d«r  Waal's  formnlie,  to  deAne  tbe  critical  constants  of  hydrogen,  its 
boiling  point,  density,  etc.,  and  the  subsequent  experiments  of  Olszew- 
ski have  simply  confirmed  tlie  general  accuracy  of  Wroblewski's  resnlts. 
Wroblewski's  critical  constants  of  hydrogen  are  given  in  the  following 
table: 

Critics!  temperature ilogn^BH..  — -JiO 

Critical  preBBDre atmosphereN..         13.3 

Critickl  deiutity .027 

Boiling  point ilegreea..  — L'50 

Dennitjst  boiliDg  point' .063 

In  a  paper  published  in  the  Philosophical  Magazine,  September,  lSfi4, 
"On  the  liquefaction  of  oxygen  and  tbe  critical  volumes  of  fluids,"  the 
snggestion  was  made  tbat  the  critical  pressure  of  hydrogen  was  wrong, 
and  tbat  instead  of  being  99  atmospheres,  as  deduced  by  Sarrau  from 
Amagat's  isotbermals,  the  gas  bad  probably  an  abnormally  low  value 
for  tliis  constant.  This  view  was  substantially  confirmed  by  Wroblew- 
ski finding  a  critical  pressure  of  13.3  atmospheres,  or  about  one  fourth 
that  of  oxygen.  Tbe  Chemical  News  (September  7,  1S!>4)  contains  an 
account  of  tbe  stage  the  author's  hyilrogeii  experiments  had  reached  at 
that  date.  The  object  was  to  collect  liquid  hydrogen  at  its  boUiug  poxob 
in  au  open  vacnnm  vessel,  which  is  a  much  more  diflicut  problem  than 
seeing  the  liquid  in  a  glass  tube  under  pressure  and  at  a  higher  temper- 

'  tt  is  probabli!  tliat  the  ruBl  densit;  of  boiling  Hiitiid  hjilrogen  may  lio  between 

0,12  Md  0.18. 
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atnre.  In  order  to  raise  the  critical  point  of  hydiogeu  to  about  —  200^, 
from  2  to  5  per  cent  of  nitrogen  or  air  waB  mixed  with  it.  This  is  sim- 
ply making  au  artificial  gas  containing  a  large  proportion  of  hydrogen, 
whicli  is  capable  of  liquefaction  by  the  use  of  liquid  air.  The  results 
are  summed  up  in  the  following  extract  from  the  pai>er: 

One  thiiigcau,  however,  be  proved  by  the  use  of  the  gaseous  mixtoie 
of  hydrogen  and  nitrogen,  viz,  that  by  subjecting  it  to  a  high  com- 
pression  at  a  temperature  of  —  200°,  and  expanding  the  resulting  lUguJd 
into  air,  a  much  lower  temperatnre  than  anything  that  has  been  leconied 
up  to  the  present  time  can  be  reached.  This  is  proved  by  the  fact  that 
such  a  mixed  gas  gives,  under  the  conditions,  a  paste  or  jelly  of  solid 
nitrogen,  evidently  giving  off  hydrogen  becaase  the  gas  coming  ofi' 
burns  fiercely.  Kven  when  hydrogen  containing  only  some  2  to  .^  per 
cent  of  air  is  simitarly  treated  the  result  is  a  white,  solid  matter  (solid 
air)  along  with  a  clear  liquid  of  low  densfty,  which  is  so  exceedingly 
volatile  that  no  known  device  for  collecting  has  been  successful.' 

In  Professor  Olszewski's  paper  "  On  the  liquefaction  of  gas,"  *  after 
detailing  the  resnlts  of  his  hydrogen  experiments,  he  says :  "  The  reason 
for  which  it  has  not  hitherto  been  possible  to  liquefy  hydrogen  in  a 
static  state  is,  that  there  exists  no  gas  having  a  density  between 
that  of  hydrogen  aud  nitrogen,  and  which  might  be,  for  instance, 
7 — 10  (H--1).  Such  a  gas  would  be  liquefied  by  means  of  liquid 
oxygen  or  air  as  cooling  agent,  and  afterwards  used  as  a  recognized 
menstruum  iu  the  liquefaction  of  hydrogen.  Science  will  probably 
have  to  wait  a  very  long  time  before  this  suggestion  of  how  to  get 
"static"  liquid  hydrogen  is  realized.  The  proposal  Wroblewski  made 
in  18S4,  of  using  the  expansion  of  hy<1rogen  as  a  cooling  ageut  to  effect 
the  cliange  of  state,  is  far  more  direct  aud  practicable. 

lAqtiid  hydrogen  jet  and  solid  hydroi/en. — Hydrogen  cooled  to  — 194^ 
(W  alist.  (.),  the  boiling  point  of  air,  is  still  at  a  temperature  which  is 
two  and  a  half  times  its  critical  temperature,  and  its  direct  liquefaction 
at  this  point  would  be  comparable  to  that  of  air  taken  at  60°,  and 
liquefied  by  the  apparatus  just  describetl.  In  other  words,  it  is  more 
difficult  to  liquefy  hydrogen  (assuming  it  to  be  supplied  at  the  tem- 
perature of  boiling  air)  than  it  is  to  produce  liquid  air  starting  from 
the  ordinary  atmospheric  conditions.  Kow,  air  supplied  at  such  a 
high  temperature  greatly  increases  the  difficulty  and  the  time  required 
for  liquefaction.  Still  it  can  be  done,  even  witli  the  air  supply  at  100°, 
in  the  course  of  seven  minutes,  and  this  is  the  best  proof  that  hydrof^en, 
if  placed  under  really  analogous  conditions,  namely,  at — 194°,  must 
also  liquefy  with  the  same  form  of  apparatus.  It  is  almost  needless 
to  say  that  hydrogen  under  high  compression  at  the  temperature  of 
16°  0.  passed  through  such  »  regenerating  coil,  produced  no  lowering 
of  temperature.     Hydrogen  cooled  to  — 200°  was  forced  through  a  fine 


Tlie  diiiipreHHi'il  jcim  ini>:tiire  iit  above  — 21U~  waa  expiiiided  iuto  a  Inrgu  cooled 
I'LII.  Mug.,  IX'J-o. 
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Appaiiatus  useo  in  the  Proouction  of  the  L>ouio  Hvoroqen  Jet. 
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nozzle  under  140  atmospheres  pressnre,  itud  yet  no  liquid  jet  Could  be 
eecD.  If  the  hydrogen  contaiDed  a  few  per  cent  of  oxygeo  the  gas  jet 
was  visible,  and  the  liquid  collected,  which  was  chiefly  oxygeii,  oon- 
uined  hydrogen  in  solution,  the  gas  giveu  off  for  some  time  being 
esplosive. 

If,  however,  hydrogen,  cooled  by  a  bath  of  boiling  air,  is  allowed  to 
eipjind  at  1200  atmospheres  over  a  regenerative  coil  previously  cooled  to 
the  Bame  temiicrature  nnd  similar  in  constrnctiou  to  that  shown  in  Plate 
VII,'  a  liquid  Jot  can  be  seen  afterthecirculatiouhadcontinuedforafew 
miuntes,  along  with  a  liquid  which  is  in  rapid  rotation  in  the  lower  part 
of  tlie  vacuum  vessel.  The  liquid  did  not  accunilate,  owing  to  its  low 
specific  gravity  and  the  rapid  current  of  gas.  These  diillculties  will 
be  overcome  by  the  use  of  a  differently  shapc<l  vacnuni  vessel  and  by 
better  isolation.  That  liquid  hydrogen  can  be  collected  and  manipu- 
lated in  vacunni  vessels  of  projier  construction  can  not  be  doubted. 
The  liquid  jet  can  be  used  in  the  meantime  (until  si>ecial  apparatus  is 
completed  for  its  collection)  as  a  cooling  agent — like  the  spray  of  liquid 
air  obtained  under  similar  circumstances — and  this  being  practicable, 
the  only  difficulty  is  one  of  expense.  In  order  to  test,  in  the  first 
instance,  what  the  hydrogen  jet  could  do  in  the  protluction  of  lower 
temperatures,  liquid  nir  and  oxygen  were  placed  in  the  lower  part  of 
the  vacuum  tube,  just  covering  the  jet.  The  result  was  thort  in  a  few 
miuutes  about  50  c.  c.  of  the  respective  liquids  were  transformed  into 
hard,  white  solids  resembling  avalanche  suow,  quite  difi'erent  in  appear- 
ance from  the  jelly-like  mass  of  solid  air  got  by  the  use  of  the  air  pump. 
The  solid  oxygen  hail  a  pale,  bluish  color,  showing  by  reflection  all  the 
absorption  bands  of  the  liquid.  The  temperatures  reached  and  other 
matters  will  be  dealt  with  in  a  separate  communication.  When  the 
hydrogen  jet  was  produced  under  the  surface  of  liiiuid  air,  the  upper 
part  of  the  duid  seemed  to  become  specifically  lighter,  as  a  well-marked 
line  of  separation  could  be  seen  traveling  downward.  This  appearance 
is  no  doubt  due  in  part  to  the  greater  volatility  of  the  nitrogen  and  the 
considerable  difference  in  density  between  liquid  oxygen  and  nitrogen. 
In  a  short  time  solid  pieces  of  air  floated  alwut,  and  the  liquid  subse- 
quently falling  below  the  level  of  the  jet,  hydrogen  now  issued  into  a 
gaseous  atmosphere  containing  air,  which  froze  solid  all  round  the  jet. 
There  is  no  reason  why  a  spray  of  liquid  hydrogen  at  its  boiling  point 
in  an  open  vacuum  vessel  should  not  be  used  as  ii  cooling  agent,  in 
order  to  study  the  properties  of  matter  at  some  2'jo  or  30°  above  the 
absolute  zero. 

Fluorine. — This  is  the  only  widely  distributed  element  that  has  not 
been  liquefied.  Some  years  ago  Wallach  and  Heusler  pointed  out  that 
an  examination  of  the  boiling  points  of  subHtituted  halogen  organic 

'III  tbo  lignre,  .A.  ri;prei»DtH  one  of  tiie  byilrogcn  c;liiii1n-R;  R  ami  C',  v.ii-niim  vcs- 
Bi-Ia  coDtaiiiiug  ('nrboiiic  iicid  udiIit  tixhntistiini  and  lic^Qid  itir,  roHpeutlvcIy ;  D 
nrgeneratiDg  coil;  O,  pio-bole  nozzle;  F,  vulve.  ,~~       '    . 
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compounds  led  to  tbe  conclnsioD  that  altboagh  tbe  atonic  weigbt  of 
fluorine  is  nineteen  times  thatof  hydrogeo,yet  it  must  in  tbe  free  state 
approach  hydrogen  in  volatility.  This  view  is  confirmed  by  tbe  atomic 
refraction  which  Gladstone  showed  was  O.S  that  of  hydrogen,  and  firom 
whivh  we  may  infer  that  the  critical  pressure  of  fluorine  is  relatively 
small,  like  hydrogen.'  If  the  chemical  energy  of  daoriue  at  low  tem- 
peratures is  abolished,  like  that  of  other  active  substances,  then  some 
kind  of  glass  or  other  transparent  material  could  be  employed  in  the 
form  of  a  tube,  and  its  liquefaction  achieved  by  the  use  of  hydrogen  as 
a  cooling  agent.  In  any  case  a  platinum  vessel  could  be  arranged  to 
test  whether  fluorine  resists  being  liquefied  at  the  temperature  of  solid 
air,  and  this  simple  experiment,  even  if  tbe  result  was  negative,  would 
be  of  some  importance. 

During  the  conduct  of  these  investigations,  I  have  gratefully  to 
acknowledge  the  able  assistance  rendered  by  Hr.  Kobert  Lennox,  my 
chief  assistant.     Valuable  help  bas  also  beeu  given  by  Mr.  J.  W.  Heath. 

lOn  tbe  other  hand,  the  exceptionally  Bmall  refractivity  value  observed  by  Lord 
Haylingli  io  tbe  tane  of  helium  sLowa  that  the  critical  preanam  of  this  body  is  pro- 
portion iitel.v  high.  II  would  therefore  lie  more  difficult  to  liquefy  than  a  aabstaDce 
liBving  about  tbe  eanie  critical  temperature,  liut  possesaiug  a  lower  critical  pTeesnie, 
like  hydrogen. 
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By  "Richard  Inwards,  F.  R.  A.  9., 

FretidenI  of  Iht  Rogal  Metforologieal  Soeielii,  London, 


As  meteorology  is  essentially  a  science  of  observation,  the  present 
dlscoarse  will  be  devoted  to  giviug  some  Hcaut  and  scattered  details  of 
a  few  of  the  ditferent  organized  arrangements  in  various  parts  of  tbe 
world,  for  carrying  on  researches  into  tlie  eoostitution  of  tlie  atmosphere, 
and  the  effects  of  changes  in  its  condition  from  day  to  day.  The  snb- 
Je«t  of  observatories  is  a  wide  one,  and  I  shall  not  attempt  to  condense 
theacconnt  of  the  whole  world's  work  in  this  direction  into  the  talk  of 
one  short  hour.  There  is  a  map  which  has  been  printed  by  Mr.  Scott 
to  illnstrnte  his  address^  from  this  chair  in  1885  on  the  condition  of 
chmatological  observations  over  tbe  globe,  which  is  instructive  as  show- 
ing at  one  glance  the  points  on  the  world's  surface  ttoin  which  the 
weather  was  systematically  observed  ten  years  ago.  Tbe  map  is  shown 
to  be  dotte<l  over  in  nearly  every  quarter,  but,  as  might  be  expected, 
tbe  dots  are  closer  together  near  the  great  centers  of  civilization,  while 
vast  portions  of  the  earth's  surface,  in  desert  plains  and  among  moun- 
tains, on  the  oceans  and  in  the  polar  regions,  are  practically  barren  in 
this  respect,  and  tbe  movements  of  the  atmosphere  there  remain  almost 
tuistudied  and  unrecorded. 

ANCIENT   OBSEEVATORIKS. 

In  early  savage  times  there  is  no  doubt  that  keen  observations,  and 
a  system  of  weather  gnessing,  represented  the  whole  science  of  mete- 
orology, and  any  prominent  rock  or  tree  Berve<l  tbe  purposes  of  an 
observatory  from  whence  the  early  hunters,  flshera,  or  sailors  anxiously 
scanned  the  horizon  for  signs  of  tbe  weather  to  come.  Snch  a  primi- 
tive arrangement  in  N'ew  Guinea  I  now  show  you  photographed,  and 
yon  will  see  that  it  is  merely  a  dwelling  in  a  tree,  on  the  top  of  which 
may  be  seen  the  anxious  inhabitants  peering  into  space,  their  sight, 

'An  address  deliyered  to  the  iioyiil  Meteorological  Society,  I.oudoii,  Juniiary  15, 
1896.  Printed  in  Quarterly  Journut  of  the  Ri>yiil  Me teorologieul  Society,  Vol,  x'xil, 
Ho.  9g,  April,  ltJ96,  pp.  81-98.  Tbe  illnBtrutiuua  accompaDjiug  the  article  are  omi'*"-' 
In  this  reprint. 
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110  tlonbt,  s1iiiri)ened  by  tbe  ronsideratioo  of  the  cbauces  which  deter- 
mine the  date  of  their  next  uieal  of  fish  or  game. 

NILOMETEB. 

It  is  a  long  step  from  the  lookout  tree  of  the  savage  to  the  more 
scientific  efforts  of  the  Egj'ptiaiis  nod  Greeks,  who  certainly  had  sys- 
tematic observatious  made  in  Hpecial  boildings,  and  which  atroctures 
might  with  trnth  be  culled  observatories,  thongh  not  sapplied  like  ours 
with  means  and  methods  of  a  high  and  complicated  order.  The  great 
pyramid  has  been  claimed  for  such  an  observatory,  and  some  writers 
suppose  that  ft^m  an  opening  in  its  side  tbe  learned  prieHts  watched 
the  transits  of  the  stars  and  the  rising  of  the  constellations  io  deter- 
mine the  march  of  the  varions  seasons  suitable  for  agricultnre  or  for 
the  irrigation  of  their  people's  lands.  Then  tbey  had  Nilonieters  at 
various  points  in  the  course  of  their  river,  by  which  they  took  accurate 
note  of  its  height  at  any  season.  There  were  many  of  these  structures, 
perhaps  the  oldest  being  that  at  Memphis.  There  is  one  on  the  island 
of  ICho<la,  near  Cairo,  which  remains  in  foil  operation  to  this  day,  hav- 
ing been  more  than  eleven  centuries  in  existence :  and  it  may  be  claimed 
as  the  oldest  flood  gau^re — and  therefore  rain  gauge — in  the  world. 
The  older  Nilonieters  are  mentioned  by  Ilerodotns,  Strabo,  and  others, 
while  our  own  SIiake-si>eare  thus  speaks  of  this  matter  in  tbe  play  of 
Auti>ny  and  Cleopatra : 

The;  tate  the  tlow  a  the  Kile 

Ity  certn in  scales  i'  the  pymmidj  tbey  kaow, 

Ily  the  height,  the  lonDfss,  nr  the  mrna,  it  ilesrth, 

Or  foison  iMo^.     The  hi|;b<T  Nilos  swclla. 

The  more  it  proiiiir^e.' 

Altbough  Shake.siteare  was  probably  mistaken  in  placing  a  Kilometer 
in  a  ])>-nUDid,  ii  is  very  woiiderfiil  that  he  .should  have  known  of  it 
at  all. 

Messrs,  Symons  and  Chatterton,  in  their  paper  on  Hoods'  last  year, 
dt'|>lore<l  the  absence  of  systematic  fiowl  marks  on  the  Thames  and 
Severn,  an<l  I  cnmnu'nd  tbe  authorities  to  the  ancient  Egyptians  for  an 
example. 

TEMPLE   OF   TOE   WISD.S,  ATHENS. 

The  Cireeks  inherited  and  siltwl  out  all  the  wisdom  of  Egj-pt,  and  it 
therefore  docs  not  surprise  us  to  find  in  the  very  heart  of  ancient 
Athens,  and  almost  under  the  shadow  of  the  Acroimlis,  a  building 
which  may  be  clainuHl  as  an  an-hetype  of  observatories,  and  which  yet 
remains  standing  in  the  motlern  city, 

1  mean  the  little  nmrblc  wtagon  lower  called  the  Temple  of  the  Winds. 
The  eight  sides  of  this  temple  are  built  to  face  the  eight  principal 
winds,  and  on  each  side-  is  m-ulptnnHl  a  human  figure  in  high  relief,  and 
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which  representa,  as  far  as  a  figure  can,  the  character  and  i|ualttie«  of 
the  particular  wind  which  it  faces. 

For  instance,  the  north  wind,  which  is  cold,  fierce,  aud  tttormy,  is 
ropresented  by  the  scolptnred  figure  of  a  man  warmly  clad  and  blowing 
fiercely  on  a  trampet  made  out  of  a  seashell. 

The  northeast  wind,  which  brought,  and  still  brings,  to  the  Athenians 
cold,  snow,  and  hail,  was  figured  by  an  old  man  with  a  severe  counte- 
nance, and  who  is  rattling  sliug  stones  in  a  shield,  a  good  way  of  express- 
ing emblematicaUy  the  uoise  and  power  of  a  hailstorm. 

The  east  wind,  which  brought,  and  still  brings,  to  the  Greeks  a  gentle 
rain,  favorable  to  vegetation,  is  expressed  by  the  image  of  a  young  man 
with  flowing  h&ir  and  open  countenance,  having  his  looped  up  niiiutle 
filled  with  fruit,  honeycomb,  and  corn. 

Zephyros,  the  west  wind,  was  indicated  by  the  flgare  of  a  slightly 
chid  and  beautiful  yoath  with  his  lap  full  of  flowers.  And  so  with  the 
other  winds  all  round  the  compass;  each  has  its  qualities  fixed  in  stone 
by  its  appropriate  sculptured  figure,  and  we  have  here  a  most  interesting 
evidence  that  the  climate  of  Greece  has  not  materially  changed,  at  any 
rate  in  respect  of  winds,  after  the  lapse  of  about  twenty  centaries. 

The  tower  had  a  vane  on  the  top  made  to  represent  a  Triton,  who 
tamed  with  the  wind  and  waved  a  brazen  rod  over  the  figure  which 
portrayed  it.  This  tower  is  descril)ed  by  Vitruvius  and  other  ancient 
authors,  some  of  whom  call  it  a  horologium,  and  they  su])pose  it  con- 
tained a  wat«r  clock,  or  clepsydra,  to  mark  the  hours  during  the  night 
and  in  cloudy  weather  when  the  fine  sundials  with  which  the  bnilding 
is  decorated  would  no.t  be  in  operation.  This  seems  at  first  confirmed 
by  certain  pools  aud  gutters  which  have  been  found  id  the  floor,  and 
which  it  would  have  pleased  me  very  much  to  claim  for  some  rainfall 
or  evaporation  recording  purposes. 

The  names  of  the  various  winds  are  written  upon  the  faces  of  the 
bnilding  in  good  Greek  letters,  so  that  all  might  read  whether  Boreas  or 
Nofus,  Apeliotes  or  Sciron — there  is  a  sound  and  fury  in  the  \ery 
names — were  bringing  to  them  comfort  or  disaster,  as  the  case  might  be.' 

For  those  who  could  not  read  there  remained  the  emblematic  signs 
which  told  them  the  story  in  stone,  and  which  served  like  fossils  in  a 
rock  to  carry  down  the  tale  even  to  our  own  days. 

The  principal  use  of  the  temple  was  probably  in  order  that  the  devout 
might  offer  prayers  and  gifts  in  view  of  obtaining  the  witid  and  weather 
they  most  re<iuired  for  nautical  and  agricultural  reasons.  It  must 
be  confessed  that  the  building  was  rather  badly  situated  for  a  mere 
observatory. 

OBSBRVATOBIBS. 

About  modem  observatories  it  in  my  intention  to  give  a  few  descrip- 
tive particulars  on,  first,  national  observatories,  of  which  our  own  at 

I,  wbere  will  be  foiind  or 
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lireftiwit^h  in  taken  as  a  type;  necnnd,  observatories  in  high  places; 
and,  ttiinl,  a  few  iioteH  on  private  observing  stations,  witb  perbaps  some 
Rnggetttions  as  to  wliat  may  still  remain  to  be  done. 

A  HfRtorder  station  is  one  at  which  couttnnons  observations  are 
taken  with  self-recording;  instruments;  and  I  will  take  you,  for  an 
exatnpiit,  to  tlie  Hoyal  Observatory  at  OreeiiwicU,  where,  by  the  coar- 
tt'Hyof  the  astronomer-royal,  and  with  the  kind  help  of  our  past  presi- 
dent, Mr.  W.  Ellis,  F.  It.  S.,  and  Mr.  Nash,  the  present  anperintendent 
of  the  mngtietical  and  meteorological  department,  I  have  been  able  to 
uiilhuit  a  litth)  information.  This,  although  it  is  not  by  any  means 
now  to  many  of  our  fellows,  may  interest  others  who  may  not  have  had 
the  opiiortunity  of  viHiting  the  observatory. 

On  enteiing  the  building,  after  passing  the  various  establishments 
dttv(»t«<]  to  aMtronoiny  and  horology,  we  fiud  the  meteorological  observ- 
iilory  Himgly  )ila<'ed  among  the  other  edifices^  and  one's  first  notion  is 
tlnit  tho  situution  i»  much  too  couflned.  But  it  is  to  be  remembered 
that  most  of  the  sniToundiiig  buildings  have  been  erected  since  tbe 
eMtablishnicnl  of  tbe  meteorological  department,  and  that  owing  to  tbe 
I'orniatlon  of  the  bill  and  the  small  space  at  disposal,  some  crowding 
iH'ciiiiie  liitM'ltiilile.  There  is  room  to  hope  that  this  will  be  remedied 
Honie  diiy  t\v  i-eniovinc  the  miignetical  and  meteorological  part  to  sooie 
iiioi'c  coniuiiintlingsite. 

'flic  bultiliii];  contuiiiing  the  principal  meteorological  instmmenta  is 
of  woihI,  and  of  only  one  story  iu  height.  On  account  of  the  delicate 
niiigncts  iH'low  In  an  nndergnmnd  apartment,  there  is  no  iron  used  in 
ttio  Ml)'ui<tHrt\  the  pltuH^  of  nails  being  supplied  by  pegs  of  bamboo, 
whiltt  tho  atovcs,  piju's,  and  lut-ks  are  all  of  copper  or  brass. 

Tho  liutUling  is  in  the  form  of  a  cros^  and  contains  several  rooms; 
Olio  in  naiHl  H.<*  u  fumpntlng  nMini,  and  in  another,  larger,  is  placed  the 
»tiuidaitl  biiittmettn-  and  (he  elwtronieter,  Ot  the  magnets  andemeatb 
w*v  will  oiM'iik  more  anou.  We  shall  first  consider  the  outdoor  iustm- 
iiH^nttt  tiud  iniii^iite  tnii'selves  |ier$onitlly  conducted  to  take  a  rapid 
vivw  i>l'  whiil  is  going  <n»  iu  the  observatory. 

Wo  note  rtrst  (he  four  tbennometers  which  are  sunk  in  the  earth  in 
oi>hn-  Id  t.iko  lb«'  it'ui)M>)Htu)-e  ai  dift'cnnit  depths.  So,  1  is  at  a  depth 
U  :.'»  Kuuuh  iw>(  bolow  tho  .•iuiliH-e  of  the  soil.  The  h>ng  and  fragile 
s(om  *>f  ihis  (hi-tmon)ftor  Wiis  sm>-essi'uny  pbced  in  a  deep  hole  in  the 
j:n»vol  s.'il  wild  |\wk«-*l  U['  with  sand,  addui^  suii-esjifully  the  12-foot, 
ii  f\K'l>  ;»ud  S  tWn  ihi-iiiK'iiii-it-rs.  Fivuch  fotM  wer*  used,  in  order  that 
Ilie  ivsu",:*  Hiiiihl  f*>Hnvu-v'  with  ivutiaeni.d  otvs<>rTatioDS.  Daring  the 
t'.isi  iw\»  \i\ti*.  IS.*r  ami  IStS,  liu- 1  Uonwnuf tors  were  rwKi  every  two 
h*v:rs;  I'ut  ti;(?  d:-m;.»l  Yar!;»tu»;!s  wene>  li>«ud  to  l*  very  sBiall.  and  the 
lywliojis  hA\es";ivl>:vi!  iat,o:i  *>t:N  innv  lUiS" — ac  utx^o.  The  obserra- 
thxis  h-*\f  ly^;i  vEi'Sfus^jxl  bj  l'T\wecsi*>*:  Kvx-rott  atiJ  others.     As  might 
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be  expected,  varifttions  of  the  deepest  therniomet«r  are  Inu(^h  lesB  than 
those  of  the  thermometer  nearest  the  surface,  and  aleo  follow  the  sar- 
face  Tariations  by  a  mnch  longer  interval.  The  depth  of  the  longest 
thermometer  is  not  sufficient  to  give  any  valuable  results  as  to  the 
iucreaseof  the  temperatare  of  the  earth  with  depth;  it  is  the  compari- 
Bon  of  the  changes  of  the  three  thermometers  with  those  of  the  air 
thermometer  that  is  the  valuable  imiut. 

We  then  approach  the  two  stands,  or  screens,  carrying  thermome- 
ters employed  for  taking  the  temperatare  of  the  air,  and  wo  look  with 
some  respect  od  the  central  dry  bulb  thermometer — which  is  tlie  stand- 
ard thermometer  for  Greenwich  temperature.  It  is  placed  with  the 
standard  wet  bulb  on  the  older  form  of  oi>eQ  stand  !4et  np  in  the  time 
of  Sir  George  Airy  and  Mr.  James  Glaisher,  and  used  in  its  present 
form,  with  some  slight  modifications,  ever  since  the  commencement  of 
observations  in  the  year  1841.  It  is  commonly  known  ss  the  "  Glaisher 
stand,"  and  it  is  so  contrived  that  it  can  be  turned  round  on  its  verti- 
cal axis,  and  so  always  be  kept  with  its  back  to  the  sun,  to  secuire  a 
proper  shade  for  the  instroments.  The  other  screen,  set  up  in  the  year 
1887,  and  which  is  of  the  form  familiar  to  most  of  yon,  is  known  as  the 
"Stevenson  screen,"  and  is  of  the  pattern  now  used  by  the  observers 
of  our  society.  Both  screens  carry,  in  addition  to  the  dry  and  wet 
bnib  thermometers,  ordinary  self-registering  maximum  and  minimum 
thermometers  for  eye  observation. 

We  coune  to  the  shed  under  which  is  plaee<l  the  apparatus  for  photo- 
graphic registration  of  the  dry  and  wet  bnlb  thermometers  tirsst  set  up 
in  the  year  1848.  Here,  iu  a  light-tight  box,  are  the  two  thermometers 
80  ingeniously  arranged  that  their  indications  are  continuously  photo- 
graphed on  a  sheet  of  sensitive  patier  fixed  to  an  upright  drum,  which 
is  slowly  carried  round  by  clockwork,  so  as  to  bring  succeaaivdy  fresh 
snrfsices  nnder  the  beam  of  light  which  passes  through  the  clear  glass 
of  each  thermometer  tube,  while  it  is  of  course  impeded  by  the  opa<|ue 
columns  of  mercury,  so  that  when  the  images  are  duly  broufjht  out 
there  appear  on  the  sensitive  paper  two  broad  traces,  ea<!h  bounded 
below  by  a  horizontal  wavy  line  corresponding  to  the  height  of  the 
mercury  iu  the  two  tubes. 

The  register  of  the  wet  bulb  stands  immediately  below  that  of  the 
dry  bulb.  The  light  is  automatically  interrupted  for  a  short  time  at 
every  hour,  producing  on  the  developed  sheet  thin  white  columns,  each 
for  some  definite  hour,  so  that  any  change  of  temperature  may  be 
known,  as  well  as  the  exact  time  at  which  it  occurs.  The  readings  of 
these  thermometers  are  reduced  by  comparison  with  those  of  the 
standard  dry  and  wet  bulbs  on  the  Glaisher  or  revolving  stand. 

If  there  were  time,  many  interesting  points  could  be  mentioned,  such 
as  the  extremely  rapid  fall  of  temperature  that  will  at  times  take  place 
on  theoeeasion  of  sudden  changes  of  wind,  notably  in  si]uall3.  Again, 
in  frost,  it  is  interesting  to  remark  bow,  as  the  temperature  passes 
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'j-ii-v  tiitt  ^t^nn-s  p"i:i".  tint  wt^'oaZ}  rcvor>i  will  dwv  a  &1I  of  a 
ti*cr««  or  :»..  btri.'  •  :d^  iv*iini  ptM.;::.  .uil  tamt-  tuck  (o  il  with  a  suil- 
iii*a  u^io  W2«n  ;j«;  »itKe«l  bar>  has  *ctiiirwl  a  omriD;;  of  ice,  aftw 
«!ii<tii  ;iir  mn>nl  .kf.u:i  tw^iait  u  *a>v«-  cte  crae  raiiatioas  dae  to 

H«r«  u±M>t  ikrc  ::h.tt  -x-Lu  ;k-.ti  ^n;^  ri»l':triioo  dkecsnaieters  for  nieas- 
KEi:i2  r^it  —>itr  iii<i  :iie  a^^  r^LuufO  :■>  Uie  -^fey.  ami  ut  ozone  box 
fiir  K'^j^otn^  u«  .un»<i:i:  -i  iims  :<)rm  of  "xy^a  in  the  air.  notably 
nrf  liTzl*  ia  aaK.ci:  ia  zm  3»-i^!i">  C3>»j«i  ■*:'  a  jreat  ci!j-.  Observa- 
nt>iL>  of  ::fcw  M-iztr  oc  :li<  r-T^r  TViai-rs  *-t«  :;j«i«  for  a  }n«at  niauy 
yt-ars.  It*  rv:>^u  Sri.ii  i2«^:;'i«i  ;i  :i«t  'ir««:»:*.'h  anonaj  volumes. 
Is  hku  v«-jfs  :Ii«i!«  wiH«  oLhic  ^:  I^^pc^^pL  be:  :L«  <<^ries  came  to  an 
Mid  ED  1"<*1.     I;  *«HMc.-i  a  i^izv  zb.^z  strc--*  ivz-tt  (-oincs  in  the  oeig:fabor- 

Tbrf»  aiv  r.Ar'.<-<i::  nra  ^»c^«!>  f  Lk-«<!  os  :iw  proiutd  near  the  ther- 
m»a>-:«r  «r*ezjv  oc*  ■■=  re*  t<  o  < :'  n:*  i  t'litk-jTraphic  thennometer 
sh*ii.  oc*  "j;  :i.*  ti'p  -x"  :i«  »Ar:*a»:  L.-a-*.  -m*  i-a  the  roof  of  the  old 
baihiiLj  rr><irL-j  the  Lsirk.  »:i>l  r»>»  at  ;ae  iHZer  anemoneter,  one  of 
Ui«^  hv-^zz  sfLr'-nfcrdinj.  T_*r>*  ivo  laner  are  50  feet  above  the 
pvi:.-!.  i^«i  r»oT»i  ■■^y a1;»'c:  ;.irwei~i> ■>f  the  amoaui  registered  on 
iLt  Kui-rr-;:'  ;1*  frv>a=d  'r«r;-  ■».  TV-seI^-ree«>oi:r.enun  gan<re  acts  as 
fcll- ■"^«:  T;.*  riiz  is  rvvtivfi  :=  a  T«s*i  s:i;^r,«:ed  by  spiral  springs. 
As  -.'-•r  ir^*-*-;  beo--.*:>  b«iv-.*r  ::  si-_ts  with  ^ne-ateror  le.-is  rapidity, 
tttwi'.^z  '*  '-T  rjkW  ■,*:'  :iir  tj^I .  f  rjto.  By  iDeaa:>  of  a  cord  passing 
ii.*re^ -z-^  «■>«■  a  j  -IIttv  t,.  a  p«-i:«;  I.  :Ll?  r^re  *rf  fall  is  recorded  od  a 
sbn-;  of  ;«»rTr  ■ir.vir=.  by  I,  Ia  i;».»ri,  w^a  oji">  inch  has  been  col- 
)e<:l«(L  :lt-  T«s--*".  *■-:•■=  jricuZ^y  t  :u-  ;;<«-  iis»-I£.  the  |k«i>cil  retams  to 
ier«  *z.ti  "--ji:.>  ji-Tji-  :o  rvivrxL  T",.#  a^i-.-ani  of  rain  falling  during 
any  ^ve::  :-„terv..:  ,>f  :;=:«  :?;  tvji.::-y  *s.;*r:a:=e>L 

W;:L  rr- -,i;f>i  u*  i"„r  lar»:'^e:fr.  eye  n?ad:z^  of  ;he  standard  barome- 
ter are  t«kea.  *i.'t  ;he  variaii^'-ns  of  pT***ape  are  registered  by 
phot'»CT-Ji>"-y. 

Tlie  *ta:..iAr>:  liin^sieit-r  is  a  plj^r,  kx»kti:?  i&^tniBent.  of  Fortin  \-iAt- 
t*ni.  ni.tde  '-y  Ne»ii;jn.  a:.d  ;1  e  ikIk-  has  a  liore  of  U.otio  inch.  It  is 
litieii  "iili  iaaiin;  a;.d  gT\';::,d  ^I.iss  s>  rrei:*  to  a^st  tlie  readings.  In 
lhcyv;tr  1S7T  a  very  c'„t;n»rate  tvr.;jv»r:j«*n  »u.-  n^ide  by  tlie  late  Mr. 
\VUi|ni!e  l»e:we«n  ihis  bar»*nie;iT  ;»r,d  the  Kew  standard  barometer, 
wish  ilic  res»!t  i!.itt  tlie  <i,-^ere;ice  ;»etiree:!  t::e  two  was  fomtd  not  to 
vxi'iMHl  .rt'l  iitcli.  (vrresin^ndiii;:  to  a  di:te:\':n-e  of  only  abont  1  foot  of 
lov<^.  or  to  tliai  iMHseii  by  a  lovr  grains  of  iiupuri'y  in  the  mercury — 
one  muoh  less  than  the  us^-.ial  liiilorv!!*-*  <>f  residing  as  made  by  any 
ixm  olvs^'rvcrs.  For  pluitosyraphii'  n>}::>tn»:ion  a  sij^hon  barometer  by 
«  smip'*'  •'""'  effective  plan,  aoiin;;  tVv^ni  a  ilivtt  in  the  shorter  leg,  is 
Wtt^^le  to  rais«'  and  dopn>ss  a  sl>*tttHl  scrv^n.  so  that  by  a  clockwork 
.».'-\t  pUotojrrapliio  arraiiin'nieiit,  similar  iu  priitoiple  to  that  already 
ijiw*,"****"*  *"■  the  themM»un>tors,  a  {K'nuaiieut  pressure  curve  is  con- 
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tiunoimly  revonliHl,  The  slotted  screen  is  carried  by  a  lever  of  sach 
length  tbat  tlie  scale  ou  the  paiHtr  becomes  magnified  to  rather  more 
than  fonr  times  tlie  uataral  scale.  This  euables  the  fluer  oscillatioos, 
as  in  tbanderstormB,  to  be  better  stndied,  and  I  may  mention  tliat  this 
barometer,  in  common  with  all  other  self-recording  barometers  through- 
out  tbe  world,  distinctly  recorded  in  1883  the  passage  of  the  air  wave 
caused  wben  Krakatoa,  an  island  on  the  other  side  of  the  globe,  was 
rent  in  two  by  a  volcauic  eruption. 

On  the  top  of  the  magnetic  building  we  find  tbe  sunebine  recorder, 
of  the  Campbell- Stokes  pattern,  burning,  by  means  of  a  lena,  a  trace 
on  a  card  in  tbe  usual  way.  Daily  records  of  suusbine  have  been 
maintained  at  Greenwich  since  tbe  year  1870.  Kear  tbe  sunshine 
instmment  is  a  small,  open,  but  well-protected  thermometer  screen  car- 
rying a  dry  bnib  and  maximum  and  minimum  thermometera,  for  the 
purpose  of  comparing  the  resalls  at  this  altitude — 20  feet  from  the 
ground — with  tbe  results  of  tbe  standard  thermometer  at  i  feet  above 
the  soil. 

On  tbe  toi>  of  tbe  observatory  tower,  which  has  formed  a  landmark 
since  the  time  of  Charles  II,  in  found  tbe  Osier  anemometer,  for  record- 
ing the  direction  suid  pressure  of  the  wind  and  the  amount  of  the  rain- 
f^l.  The  latter  we  have  described  in  speaking  of  tbe  rain  gauges 
generally.  It  is  interesting  to  enter  tbe  little  turret  in  which  is  tbe 
recording  table  carrying  forward  a  sheet  of  paper  moved  by  clock- 
work, and  to  watch  the  ever-moving  pencils  writing  down  at  each 
moment  the  direction  and  force  of  the  wind,  whether  it  is  a  mere  breeze 
or  a  fierce  gale;  a  zephyr  or  a  hurricane.  The  time  scale  usually 
employed  is  about  half  an  inch  to  an  hopr,  but  an  arrangement  now 
exists  by  wbicli,  on  a  gale  of  wind  springing  up,  tbe  scale  can  be  at  once 
increased  to  twenty-four  times  this  amount,  thus  giving  much  more 
minute  information  in  regard  to  the  variations  of  direction  and  pressure 
at  such  times.  This  anemometer  has  been  at  work  since  the  year  1841. 
At  a  later  datea  Robinson  anemometer,  for  registration  of  wind  velocity, 
was  added.  It  sometimes  happens  tbat  the  wind  force  is  registered  in 
an  unpleasant  way  at  Greenwich,  as  elsewhere,  by  accident,  and  I  show 
you  a  picture  of  the  shutter  of  the  observatory  dome  which  was  brought 
down  by  a  gale  on  December  22,  1894.  The  pressure  of  the  wind 
measured  at  the  time  was  27^  pounds  per  square  foot,  and  the  observer 
mside  the  building  narrowly  escapett  being  struck  by  the  suddenly 
release*]  counterweight  used  to  balance  the  shutter.  Mr.  Xash  has 
favored  me  with  these  particulars. 

We  should  refer  to  the  matter  of  the  registration  of  atmospheric 
electricity.  For  this  the  electrometer  is  employed,  as  designed  by 
Lord  Kelvin  (perhaps  better  known  as  Sir  William  Thompson).  It  is 
placed  in  the  principal  room  of  the  magnetic  bnilding,  and  consists  of 
a  carefully  insulated  cistern,  which  is  in  communication  with  the  elec- 
trometer, and  from  whii;h,  by  means  of  a  pipe  passing  out  into  the  open 
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air,  a  smalljet  of  water  is  projected  iuto  the atmospbere.  The  electric 
potential  of  tliis  point  is  thus  commuDicated  to  the  electrometer  and 
recorded  by  a  photographic  arraagemeut  ou  a  revolving  cylinder.  In 
flue  weather  the  electricity  is  nsually  [Msitive  in  the  air  as  compared 
with  the  earth,  but  in  rainy  weather,  or  in  thanderHtorms,  rapid 
variations  from  positive  to  negative  and  back  again  are  experienced. 

Going  now  to  the  basement  of  the  bnilding  we  find  the  apparatau 
devoted  to  the  registration  of  the  delicate  movements  of  magnets, 
made  of  hardened  steel  and  delicately  suspended  by  long  silk  filaments 
or  moving  on  tine  knife  edges.  Each  magnet  carries  a  small  mirror  so 
arranged  as  to  reflect  a  spot  of  light  from  a  lamp  on  to  a  piece  of 
sensitive  paper  placed  on  a  cylinder  turned  round  by  clockwork,  so 
that  every  variation  or  tremor  of  the  magnets  is  recorded  by  a  corre- 
sponding varying  line  on  the  moving  paper,  making  waves  of  more  or 
less  steepness  thereon,  according  to  the  amount  of  movement. 

When  there  is  no  movement  or  disturbance  the  line  is  straight,  bat 
this  is  not  the  osaal  state  of  things.  It  is  scarcely  necessary  to  remind 
you  that  any  vibration,  as  from  an  earthqnake  shock,  may  also  disturb 
the  magnets  mechanically,  but  earthquakes  are  rare  in  this  country 
and  it  has  not  been  thought  necessary  to  set  up  special  apparatus 
more  particularly  designed  for  the  registration  of  such  phenomena. 
On  February  23, 1887, 1  find  from  the  Astronomer-lioysvl's  Report  the 
vibration  caused  by  an  earthquake  as  far  distant  as  the  south  of 
France  caused  a  disturbance  of  the  magnet  corresponding  to  20'  of  arc 
in  declination  and  0.004  of  horizontal  force,  being  one  two  hundred  and 
fiftieth  of  the  whole  horizontal  force. 

There  is  also  the  earth  cacrent  apparatus  for  registration  of  the  gal- 
vanic currents,  that  to  a  lesser  or  greater  extent  are  always  present 
in  the  earth.  Two  wires,  each  several  miles  in  length,  and  both  having 
earth  plates  at  the  two  ends  of  the  line,  are  placed  in  communication 
with  galvanometers,  one  to  each  circuit,  each  galvanometer  carrying  a 
mirror  for  photographic  registration  of  the  variation  of  each  current 
force  on  one  cylinder  placed  between  the  two  galvanometers.  Since  the 
end  of  the  year  1890  these  records  have  been  greatly  distorbed  during 
the  day  by  the  trains  running  on  the  City  and  South  London  Klectric 
Railway,  althougb  the  nearest  earth  plate  of  the  system  is  distant  some 
2^  miles  from  the  railway. 

As  a  concluding  remark  we  may  mention  that  the  time  scales  of  alt 
the  records  throughout  the  observatory,  both  magnetical  and  meteoro- 
logical, are,  with  one  exception,  identical  in  length,  which  mach  facili- 
tates any  collatiou  of  the  various  registers.  The -one  unavoidable 
exception  in  the  suiishiue  record,  which  has  a  somewhat  more  extended 
scale.    Those  similar  iu  length  number  in  all  thirteen. 

I  have  given  tUese  somewhat  minute  particulars  of  the  work  done  at 
eeiiwich  to  serve  as  an  example  of  that  which  goes  on  at  all  observa- 
ies  of  the  first  order  throughout  the  world,  varying  a  little  under 
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Bpecial  circumstsnces,  bnt  in  principle  the  same,  tbougL  not  always 
comprising  bo  many  subjects  of  researcb  as  porsned  in  our  own  Royal 
ObBervatory. 

It  mast  Dot,  however,  be  imagined  that  I  have  enumerated  all  the 
various  researches  uow  going  on  there — work  which  is  forming  a  firm 
foundation  for  the  wider  meteorology  of  the  future. 

KBW   OBSKRVATOIIY. 

Greenwich  is,  however,  not  the  only  observatory  in  the  vicinity  of 
London.  The  other  is  the  establisbmeDt  of  the  Kew  Observatory, 
which,  although  known  by  that  name,  is  really  to  be  found  in  the  Old 
Deer  Park  at  Richmond,  on  a  small  eminence  of  made  ground  sur- 
ronnded  by  flat  park  land  and  sitaated  a  few  handred  yards  south  of 
tie  river  Thames.  The  site  was  occupied  during  many  centuries  by  an 
old  Carthusian  monastery,  which  was  suppressed  in  1541.  The  present 
bailding  dates  from  abont  1769,  when  G«orge  III  erect«il  it,  after  the 
designs  of  Sir  WUliam  Chambers,  to  wbom  we  owe  also  our  Somerset 
House. 

The  building  then  became  known  by  the  name  of  the  King's  Observ- 
atory at  Kew,  though  sometimes  more  correctly  called  the  Royal 
Observatory  at  Richmond.  George  III  provided  the  establishment 
with  the  best  clocks  and  watches  that  could  be  obtained  at  the  time, 
and  he  often  visited  the  place,  while  his  children  frequently  attended 
leetnrefi  given  there.  Our  esteemed  past  president,  Mr.  R.  H.  Scott, 
Tns  from  1871  to  1876  its  honorary  secretary,  and  from  his  interesting 
"History  of  the  Kew  Observatory"'  I  have  gleaned  the  foregoing 
particulars. 

About  the  year  1840  the  Govermneut  eame  to  the  decision  that  the 
establishment  should  be  abolished  as  an  astronomical  observatory,  and 
the  building  was  finally  handed  over  to  the  British  Association  in  1842. 
The  first  resolution  of  the  general  committee  of  that  body  at  the  Man- 
chester meeting  in  Jnue  of  that  year,  with  reference  to  their  new 
acquisition,  was  "that  Professor  Wbeatstone,  Professor  Dauicll,  and 
Mr.  Snow  Harris  be  a  committee  for  constructing  a  self-recording 
meteorological  apparatus  to  be  employed  in  the  bnilding  at  Kew," 

In  the  next  year  the  name  of  Mr.  (afterwards  Sir  Francis)  Ronalds, 
F.  R.  S.,  first  appeared  in  connection  with  the  eatablishment.  At  the 
meeting  of  the  British  Association  at  Cambridge  in  1845  a  conferenc^e 
was  held  in  connection  with  a  committee  which  had  been  appointed  to 
"condact  the  cooperation  of  the  British  Association  in  the  system  of 
simultaneous  ma^etical  and  meteorological  observations."  This  con- 
ference, among  its  recommendations,  expressed  the  wish  ''  that  it  is 
very  highly  important  that  self-recording  meteorological  instruments 
should  be  improved  to  snch  a  degree  as  to  enable  a  considerable  portion 
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of  tho  observing  staff  of  an  observatory  to  be  dispensed  with."'  This 
snggeBtion  attracted  the  notice  of  two  emiuent  Bcientific  iaveotors — 
one,  Mr.  Claries  Brooke,  F.  R.  S.,  who  was  my  predecessor  in  this  chair 
in  the  years  1865-6G;  the  other,  Mr.  Boiialds,  at  the  time  on  the  staff 
of  the  observatory  of  the  British  Associatiou  at  Kew,  and  who  became 
subsequently  its  saperintendent.  Both  gentlemen  GompIdte<l  their 
inventions  of  self  recording  magnetographs  and  meteorographs.  The 
Brooke  system  was  adopted  by  Sir  G.  Airy  at  (Jreeiiwich,  the  Honalds 
system  at  Kew,  At  the  date  of  the  reorganization  of  the  meteorolog- 
ical department  of  the  board  of  trade,  under  a  committee  of  the  Koyal 
Society,  the  Bonalds  system  of  photographic  l>arogTapb8  and  thermo- 
graphs wau  adopted  for  all  their  observatories  and  the  Kew  vae  cou- 
stitnted  their  central  and  normal  observatory. 

The  verification  branch  of  the  observatory  was  first  set  on  foot  in 
connection  with  magnetic  apparatus,  and  subsequently  extended  to 
meteorological  and  other  instruments  in  the  early  fifties. 

A  walk  throngh  the  building  enables  one  to  form  but  a  very  dim 
estimate  of  the  work  carried  on  there,  but  by  tlie  kindness  of  Dr. 
Chrec,  the  sui>erintendent,  I'have  recently  had  the  opportunity  of  visit- 
ing tbe  place  under  favorable  auspices. 

As  regards  meteorology  the  institution  is  of  incalculable  value,  for  it 
is  here  that  all  English  thermometers,  with  any  pretensions  to  accaracy, 
are  sent  for  examination  and  certificate.  After  being  carefully  com- 
pared with  a  standard  in  hot  water,  which  is  contained  iu  a  cistern 
with  a  transparent  side,  and  also  after  being  submitted  to  fi-eezing  and 
boiling  temperatures,  where  necessary,  the  thermometers,  if  found  cor- 
re<;t,  lU'e  marked  by  etching  tlie  "KO"  monogram  on  the  glass,  and  are 
sent  out  to  the  world  with  an  established  character  for  aucurary. 
Barometers,  hydrometers,  and  other  instruments  are  also  severely 
tested,  examined,  and  marked  at  Kew,  while  watches  and  chronome- 
ters, after  having  been  duly  baked,  frozen,  tried  in  various  positions, 
and  carefully  timed  for  months,  are  sent  out  with  a  certificate  of  the 
nnmber  of  marks  attained  in  the  competition — 100  would  mean  perfec- 
tion—and tbe  highest  iu  1884  reached  88.8.  The  Kew  certificate  adds 
considerably  to  the  selling  price  of  any  instrument  or  watch.  Photo- 
graphic lenses  are  also  examined  and  certified  here,  and  recently  a 
department  hits  been  established  for  the  testing  of  platinum  thermome- 
ters, a  form  of  instrument  which,  though  of  little  use  to  the  meteorolo- 
gist, is  essential  to  the  chemist  or  metallurgist  who  has  to  deal  with 
very  high  t«mperature8. 

It  is  at  this  observatory  that  the  researches  into  tbe  heights  of  the 
various  forms  of  clouds  were  carried  out  by  tbe  late  Mr.  Whipple, 
whom  we  all  so  well  remember.  I  show  you  a  photograph  of  the 
apparatus  he  employed,  and  merely  say  in  passing  that  the  same  cloud 
was  itt  the  same  instant  ob»erveil  by  tiro  telescopes,  one  of  which  was 
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at  the  observatory  and  the  other  one  some  distauce  away  in  the  park. 
A  triangle  conld  thus  be  constmcted  on  a  known  base  and  with  two 
known  angles,  so  that  the  clond  height  conid  be  calcniated  with  anffi- 
deut  accuracy.  Here  is  also  foand  a  glycerin  barometer,  in  which 
glycerin  is  nsed  instead  of  mercury,  and  it  has,  in  consequence,  a  tube 
which  is  as  many  times  the  length  of  an  ordinary  barometer  as  the 
iiumber  of  times  mercury  is  heavier  than  glycerin.  This  results  in  an 
instniment  over  30  feet  in  height,  and  witk  a  mncli  extended  scale, 
.so  that  it  is  easy  to  study  by  its  means  all  the  smaller  changes  in  the 
density  of  the  air,  the  surface  of  the  colored  lii|uid  in  the  tube  moving 
ander  oar  eye  with  unusual  disturbances.  Magnetic  observations  are 
also  made  here,  much  in  the  same  way  an  those  already  described  in 
tlie  fioyal  Observatory,  Greenwich,  so  that  the  two  sets  of  ob.servatious 
Dsnally  check  each  other.  Most  of  us  remember  the  weekly  wciithcr 
curves  published  in  the  Times,  but  now,  unfortnnately,  discontinued. 
These  emanated  iVom  the  Kew  Observatory. 

There  are  now  meteorological  observatoricH  in  all  civilized  countries, 
bnt  the  rough  sketoh  I  have  given  of  these  two  of  our  own  will  enable 
one  to  form  some  idea  of  the  subjects  investigated  and  the  instrumental 
means  adopted. 


Let  us  now  torn  our  attention  to  those  observatories  which  are  situ- 
ated on  the  summits  of  mountains,  and  which  by  reason  of  their  alti- 
lude  attack  the- problems  of  air  study  from  a  much  higher  point  of 
vantage.  It  mast  be  clear  to  any  person  who  has  looked  attentively  at 
the  sky  that  the  motions  of  the  upper  air  an  shown  by  its  clouds  are 
very  different  to  those  of  lower  levels,  and  it  is  with  a  view  of  eliminat- 
ing as  far  as  possible  the  effects  caused  by  iuequalites  of  the  ground, 
by  friction,  and  by  local  circumstances  that  mountain,  peaks  have  in 
various  countries  been  fixed  on  for  the  establishment  of  meteorological 
observatories. 

MONT  BWJfC  OUSEBIATIIBY. 

To  begin  with  the  highest  in  Europe,  I  must  take  yoa  in  imagination 
to  Mont  Blanc,  which,  as  yon  know,  is  situated  in  France,  and  about 
10  miles  to  the  south  of  the  Lake  of  Oeueva. 

In  1887  M.  Joseph  Vallot  ascended  Mont  Blanc  and  made  some  pre- 
liminary studies  on  the  summit,  leaving  some  self-registering  instni- 
menls  there  during  the  summer;  and  it  was  then  that  he  formed  the 
idea  of  erecting  a  permanent  observatory  on  the  mountain. 

There  were  many  difiBcuIties  owing  to  the  great  number  and  variety 
of  the  instnimeuts  which  modern  meteorological  science  demands,  and 
M.  Vallot  instances  that  Saussnre,  in  his  famons  early  ascent  (in  1787), 
contented  himself  with  proving  that  carbonic  acid  existed  in  the  air 
at  these  heights,  liov  it  would  be  netessary  to  measure  tlie  exact 
quantity,  M.  Vallot  pit<!hed  his  tent  at  first  on  the  summit,  lo,T8i 
feet  above  the  sea,  but  afterwards,  on  a  more  careful  survey  in^JI|:, 


160  METEOROLOGICAL   OB8EBVAT0BIES. 

finally  decided  to  place  bis  buildiDg  on  the  rocks  called  Les  Bosses, 
about  1,40U  feet  below  the  actual  summit.  He  did  tbis  for  two  reasons, 
the  first  being  that  he  was  afraid  of  movement  if  be  erected  bis  observ- 
atory on  the  cap  of  snow,  wbicb  is  really  glacial  snow  covering  the  sum- 
mit; tbe  second,  tfaat  it  seemed  to  him  the  highest  spot  vbere  be  could 
find  a  rocky  foundation  of  snfQcient  size.  In  addition  to  these  reasons 
a  resting  place  and  shelter  were  much  needed  by  those  overtaken  by 
bad  weather  iu  making  tbe  ascent,  and  this  latter  coDSideration  indnced 
tbe  guides  and  others  in  Chamounix  not  only  to  bear  a  large  iKirtion 
of  the  expense,  but  to  carry  up  A-ee  of  cost  the  various  materials  and 
instramciits  for  the  building. 

In  the  summer  of  1890  M,  Vallot  collected  his  materials  and  got 
them  successfnily  trnnsported  to  the  "Bosses"  rock,  where  he  put  up 
a  tent  for  tbe  workmen  aud  another  for  himself.  He  suffered  much 
from  mountain  sickness,  but  be  bad  provided  himself  with  a  remedy  in 
a  steel  tube  full  of  compressed  oxygen,  of  which  he  breathed  several 
quarts,  and  then  found  himself  with  an  appetite  for  food,  and  all  was 
well.  A  storm  came  oo,  bat  by  extreme  esertion  tbe  workmen  managed 
to  put  up  the  walls  in  one  day,  although  at  last  it  was  so  cold  that 
they  could  scarcely  work  even  iu  thick  woolen  gloves.  Of  course  tbe 
porters  had  brought  their  burdens  up  as  they  best  could,  and  M.  Vallot 
siiys  that  by  itn  unhappy  fate  all  the  useless  things  arrived  first,  am! 
he  sought  iu  vain  for  the  means  of  making  a  cop  of  coffee,  though  he 
was  abundantly  supplied  with  thermometers  and  other  apparatus. 
For  want  of  a  coffee  null  they  spread  tbe  grains  of  coffee  on  a  little 
table  and  grauud  them  hi  powder  by  means  of  an  empty  bottle.  He 
says  that  on  this  table  were  emptied  coffee,  soup,  petroleum,  and  other 
things,  so  that  to  this  day  he  does  uot  know  what  mixture  he  then 
swalloweil.  Tbey  spent  some  fearfully  cold  nights,  and  some  of  the 
workmen  fell  ill,  and  M.  ^'allot  had  to  revive  them  by  giving  them 
some  of  bis  compressed  oxygen  to  breathe. 

By  the  third  day  tbey  got  the  roof  on,  and  lit  a  triumphal  bonfire  at 
night  to  tell  tbe  folks  at  Chamonuix  that  tbe  enterprise  was  a  success. 

M.  Vallot  vei-ounts  bow.  in  the  dead  of  night,  to  bis  great  surprise, 
he  beard  violent  knockings  at  his  door,  and  on  answering  tbem  he 
fouiul  somo  of  his  porters,  who  had  ascended  with  lanterns,  to  inform 
bim  that  two  of  bis  scientific  friends  were  ill  with  monntain  sickness 
and  sunstroke  at  the  Grands  Mulets  rocks,  3,000  feet  I>elow. 

He  tells  us  that  ho  imme^liately  got  up,  filled  an  India  rubber  bag 
with  three  liters  of  oxygen,  and  dest-ending  to  the  iiraiids  Mulets  in 
one  hour  (thongh  it  had  taken  them  six  boars  to  ascend),  he  arrived  at 
the  cabin,  gave  his  friend  the  oxygen  g-As,  which  enabled  bim  to 
deM-end  with  a  firm  step  t*>  Chamounix. 

Her*-  M.  \' allot  found  many  of  bis  psickages  detained,  and  after  a  snc- 
ifi^pt^ge  among  them  says  be  emergwl,  brandi^ing  as  trophies 
jnipb,  a  coffee  mill,  and  a  broom,  the  two  latter  things  being 
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mnch  wauted  at  the  sarnmit,  to  which  they  returned  the  same  day  in 
Bcorcfaitig  sanshiue.  The  whole  narrative,  ob  told  hy  M.  Yallot,  iH 
JDstractive  as  well  aa  amaaiiig. 

On  his  next  ascent  he  was  accompanied  by  onr  esteemed  Fellow,  Hr. 
Roteh  (of  Blue  llill  Observatory,  Boston,  United  States),  who  at  once 
roiDiuenced  some  important  experimenbi  on  sunlight.  M.  Yallot  has 
ascended  many  times,  and  he  has  published  in  his  interesting  Annals 
the  scieiitiBc  results  of  his  observations.  Xo  one  passes  the  w^lnter  on 
Mont  Blanc,  tliongh  M.  Yallot  hus  had  an  earnest  tetter  from  a  lady, 
who  says  she  is  foud  of  solitude,  and  who  wishes  to  pass  the  winter 
there  in  making  observations. 

The  observatory  contains  various  rooms  for  beds  and  a  saloon  for 
tbe  guides,  a  spectroscopic  and  photographic  observatory,  a  laboratory, 
a  liitelieu,  and  a  room  for  the  self  registering  iustrnments.  It  is  avail- 
able for  students  of  all  nations,  and  already  it  has  been  utilized  by 
observers,  there  having  been,  in  1893,  fbur  French  scientific  visitors, 
three  Swi-B,  one  German,  one  Italian,  and  one  American.  It  is  curious 
that  onr  nation  has  not  been  among  the  first  to  make  use  of  this  build- 
ing, nobly  and  gratuitously  placed  at  their  service  by  the  heroic 
rounder,  who  as  soon  as  he  knew  I  was  about  to  read  this  paper  sent 
me  the  photographs  you  have  seen  and  the  following  letter,  a  transla- 
tion of  which  will  be  interesting  to  you  all: 

January  2,  1896. 

My  first  scientific  expedition  to  the  summit  of  Mont  Blanc  was  in 
1887,  and  some  of  the  observations  then  taken  are  published  in  my 
Annals  of  the  Observatory. 

In  1890  I  constructed  the  observatory  on  t)ie  "Bosses"  rock  at  4,306 
meters  altitnde.  Higher  than  this  the  summit  is  capped  by  a  glacier, 
except  where  a  few  rocky  pointe  emerge  from  the  surface,  bat  which 
are  too  small  to  build  upon, 

Ko  one  lives  in  the  observatory.  During  the  summer  only  the  self- 
registering  instruments  are  attended  to  about  every  fifteen  days.  I  have 
■10  experience  of  the  winter  there,  but  I  have  devoted  three  summers 
{iS!M  to  1893]  to  observations,  which  will  be  published  in  my  Aniials 
(Vol.  II)  sometime  during  this  winter. 

In  1893  id.  .Tanssen,  having  announced  that  he  was  about  to  estab- 
liflli  continuous  observations,  I  i;eased  this  class  of  work,  so  as  not  to 
do  it  twice  over,  and  I  am  now  devoting  myself  above  all  to  the  stndy 
of  terrestrial  physics,  and  I  hope  during  this  winter  to  publish  my 
vorks  on  actinometry,  on  atmospheric  whirls,  on  storm  clouds,  aud  on 
tbe  transformation  of  snow  into  glacier  ice. 

Besides  the  observatory  on  the  summit  I  have  two  meteorological  sta- 
tions, one  on  the  Grands  Mulcts  rocks  at  3,(KK)  meters  and  the  other  at 
Chamounix  at  1,000  meters  elevation.  The  lastonly  is  in  constant  use. 
Tbe  others  are  put  in  action  when  desired,  and  as  I  have  said  the  four 
HDmmers'obserrationsthat  I  already  possess  will  suffice  to  give  us  some 
knowledge  of  tbe  march  of  the  ordinary  phenomena  of  the  air  at  such 
elevations. 

In  tfie  summer  I  reside  at  Cbamounix,  and  from  time  to  time  I  go  up 
to  the  observatory — about  once  a  week  at  least — and  I  have  thus  ma'' 
(Uready  twenty-one  ascents  of  Mont  Blanc.     When  at  the  observate 
SM90 11 
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I  do  my  work  as  iiinch  on  the  actual  Buowy  satnmit,  which  is  qaite  near, 
as  ill  the  study  which  I  Imvo  built.  Life  is  not  easy  at  tbese  heights, 
for  oue  has  to  contend  with  inonntain  sickness,  bnt  I  have  become  bo 
accustomed  to  the  conditions  that  1  can  work  there  as  well  as  wheo 
below,  even  when  there  arc  storms  (;oing  on  daring  the  day  or  night. 

Some  few  scientific  men  have  also  made  use  of  the  observatory^  but 
at  rare  intervals. 

After  I  had  constructed  my  observnt^vry,  M.  Jaussen  came  here  and 
*  worked,  but  be  wisbeil  to  make  another  of  his  own,  and  be  placed  it  on 
tlio  actual  snowy  summit  of  the  mountain.  He  began  in  1893,  and  cou- 
tinned  during  1894  and  1895.  It  is  neiirly  finished,  but  not  yet  com- 
jdetely  furnished  with  instrnutents,  so  that  up  to  the  present  no  scientific 
work  has  been  done.  M.  Jausseu  has  abandoned  tbe  idea  of  perma- 
nently en tertainiui;' observers  there.  He  has  had  constructed  a  superb 
meteoixtgraph,  which  has  this  season  been  safely  placed  on  the  summit. 

I'nfortunately  his  observatory  is  placed  on  the  snow,  and  has  there- 
fore no  stitbility,  for  snow  bus  continual  movements  of  its  own,  and  the 
clocks  of  the  instruments  are  stopped.  They  have  seldom  gone  for  more 
than  three  days  at  a  time.  ,  M.  Jansseu  is  very  mach  disappoiuted,  but 
he  has  told  me  that  he  intends  to  try  other  means.  It  will  thus  be  some 
time  before  this  observatory  can  give  any  results. 

From  un  astronomical  [>oiut  of  view,  not  much  further  progress  has 
biH'u  made.  The  workmen  who  ascended  to  erect  the  telescope  were  too 
unwell  to  do  the  work.  Two'  ivstrouomical  expeditions  have  not  been 
any  more  fortunate,  for  the  leaders  of  the  same  were  seized  with  illness, 
and  could  do  uothint;,  although  they  "saved  the  situation^  by  working 
at  the  lower  level  of  3,000  meters  at  the  "Grand  Mulet's"  rocks. 

To  do  any  work  at  tbe  summit,  it  is  neces^ry  to  have  been  accus- 
tonitMl  to  exist  at  great  elevations. 

I  am  happy  to  be  of  any  use  to  yon.  and  I  am  desirous  to  see  some 
Kuglish  students  working  in  my  observatory.     I  offer  my  services  to 
ynH  and  to  your  Society,  as  it  is  my  principle  not  solely  to  work  for 
luyseir,  but  to  facilitate  the  labors  of  others  by  all  possible  means. 
Yours,  etc., 

Joseph  Vallot. 

In  his  Annuls,  M.  VaDot  further  says  on  the  Mibject  of  establishing 
observatories  on  such  elevated  siwts: 

It  is  nei'essary  to  have  beeu  faalf-blitide«l  by  the  snow,  to  bave  felt  the 
thousand  stiugings  of  the  atmospheric  electricity,  to  have  crawled  pros- 
trute  over  the  soft  snow,  to  have  been  blown  over  by  the  wind,  and  to 
have  I'oucbeii  down  before  avalanches,  ere  one  can  give  a  correct  account 
of  tbe  terrible  intensity  of  the  weather  conditions  at  these  great  alti- 
tudes. It  is  after  this  that  we  comprehend  the  powerful  impulses  given 
to  the  upper  regions  id' tbe  air,  aud  which  are  only  feebly  transmitted  to 
the  lower  levels  thnuigb  au  enonnous  mattress  of  atmosphere  ami 
vapor  which  serves  to  deaden  its  movements  and  falsify  Its  indications. 

Among  the  results  alr^'ady  to  In-  meutionetlas  coming  from  tbe  Mout 
Iilauc  observations  the  fullowing  may  be  here  enumerated,  though  a 
unn-b  longer  list  might  l>e  ma<le. 

The  wave  of  diurnal  variation  of  temiH>rature  is  abnut  one-third  of 
the  amplitude  of  that  at  t'hamonnis. 

Thoe\|.erieucesat  the  Mont  Blanc  <»bservatory  couttnn  those  of  Mr. 
ilaini's  Uhiisher  made  in  balloon  ast.'euts,  the  cold  incre;ises  very  rega- 
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twif  at  the  rate  of  about  l'^  C.  for  each  rise  of  200  meters,  which  cor- 
responds to  1°  F.  to  364  feet  rise. 

The  tein|)eratiire  of  the  air  on  monntain  slopes  is  sensibly  less  than 
in  a  free  stratum  of  air  at  the  same  altitude  a»  observed  from  a  balloon. 
H.  Yallot  has  ^iveii  in  his  Annals,  as  far  as  ^wssible,  all  the  rcsnlts  as 
regards  air  pressure,  nioistnre,  temperature,  wind,  and  weather  getier- 
itlly,  and  be  must  be  regarded  as  having  made  already,  by  the  publiea- 
tioD  of  bis  first  volume,  a  real  contribution  t«  knowledge  in  a  direction 
iu  which  comparatively  Uttle  has  been  done. 

I  must  not  leave  ttie  summit  of  Mont  Blanc  without  showing  you  the 
observing  cabin  which  has  been  gallantly  pitched  by  M.  Jansscn  on 
the  very  summit  of  the  mountain,  considerably  higher,  as  you  will  have 
seeu  by  the  photograph,  than  the  more  permanent  observatory  of  M. 
Vallot.  The  snow  movements  have  for  the  present  defeated  M.  Jaus- 
8eii,  but  it  is  not  likely  be  will  give  up  the  attempt.  M.  Kilfel  has  also 
made  an  observing  tunnel  or  gallery  iu  the  ice  cap,  and  sundry  timbers 
and  objects  placed  therein  will  iu  the  nature  of  tilings  slowly  sink  with 
tlie  glacier,  and  perhaps  inform  future  ages  of  what  has  been  done. 


Time  will  not  permit  me  to  describe  to  you  tlie  other  mountain 
observatories  of  Kuro|ie.  There  are  many,  from  the  t^onnbliuk  iu  the 
Austrian  Alps,  where  there  is  a  well-found  observatory  at  a  height  of 
over  10,000  feet,  to  the  establishment  of  our  own  Ben  Nevis,  which 
only  boasts  the  modest  altitude  of  ■i,40fi  feet. 

I  show  you  a  few  pictures  representing  this  last-named  observatory 
aud  its  condition  in  midwinter,  when  I  think  no  one  will  envy  the 
unfortunate  observers  who  liave  to  stay  there,  left  severely  alone. 


This  subject  must  not  be  quitteii  without  mention  of  the  observiitory 
which  has  been  perched  on  the  Andes  by  the  enterprise  of  the  autliori- 
tieeof  Harvard  College  in  America. 

1  show  you  two  views  of  this  by  the  kindness  of  Professor  Pickering. 
One  shows  the  Arequipa  station  of  the  observatory  at  an  altitude  of 
8,000  feet,  while  the  other  gives  a  view  of  tliQ  summit  of  Kl  Misti  in 
Pent,  with  the  meteorological  slielters  erected  there  for  the  accommo- 
dation of  the  self' registering  instruments,  at  the  height  of  1!),:^00  feet 
above  the  sea,  constituting  this  the  highest  meteorological  station  in 
tlie  world. 

Most  interesting  results  can  uot  fail  to  arise  from  this  gallant  attempt 
to  pierce  the  clouds  iu  search  of  knowledge.  Mr.  A.  L.  Botch,  of  the 
Bine  Hill  Observatory,  Boston,  United  States,  has  constituted  himself 

'See  Hoitntain  Obiuirvatories  in  America  uud  Kitrope,  liy  Kdwanl  S.  Hnliteii.  8v«, 
pp.T7.    Smilhsoiiiaa   MiscBllaDebuB  CollcUtmH,  Vul.  XXXVII.     Witsbinj^tuii 
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thfl  iiiith»rity  OD  bigb-level  observatorieR,  and  I  can  refer  the  fellows 
with  confidence  to  bis  many  works,  wliicb  will  all  be  found  in  oar 
lilfniry, 

I  riiiiBt,  however,  iihow  you  one  view  of  the  Pikes  Peak  Moantain  in 
(/olurado,  and  I  do  this  partly  becanse  in  it  Mr.  Cohen  has  caught  :i 
V(!i'yh»))))y  effect  of  cload.  The  mountain  is  over  14,000  feet  in  height, 
uiid  »ltliougli  ou  the  soatli  side  it  is  approached  by  a  gentle  slope,  yt-t 
till  a  rniuier  view  from  the  east  or  west  sides  woald  be  found  to  be  inter 
Hi-rh'd  l>y  deo|>  gorges  with  precipitous  walls  2,000  feet  in  height.  On 
thiHibserviitory  whicli  surmounts  Pikes  Peak  a  wind  velocity  of  92  niik-a 
uti  hour  was  registere^l  in  Det^ember,  1S9'2. 

1  also  show  you  views  of  the  observatory  ou  the  Brocken  Mountain, 
mid  that  of  the  Duiitache  Seewarto  at  Hamburg,  which  latter  enjoys 
the  diHtliictiuii  of  being  the  largest  meteorological  observatory  in  the 
world. 

KIKFBL  TOWKR,    I-AKIS. 

From  mountains  to  towers  is  a  long  step  downwards,  aud  I  mnst  ask 
yon  for  a  moment  to  listen  to  a  few  particulars  about  the  observations 
titkon  on  tlio  Kill'fl  Tower  in  Paris,  of  wiiich  I  show  yon  a  photogra[di, 
and  1  uhcmld  have  been  glad  to  give  you  a  nearer  view  of  the  meleoro- 
Ingli'al  appliances  ou  the  top.  but,  np  to  the  present,  it  has  been  found 
|m)Hissible  t4i  get  a  stttisfactory  photograph  of  them  on  account  of  their 
i'lt»vrt(«l  pooitiou. 

Oh  Ibe  (op  of  the  KiSet  Tower  is  a  self-registering  barometer,  while 
In  lilt*  Itiireitu  ('entral  Motonrologique  in  the  me  de  ITTniversit*-,  thera 
JH  aiiothor,  lt.<(  t^xiiot  (.-uuiiterpiirt,  and  it  bas  been  noticed  that  the  tirst 
diurnal  miultuum  of  air  pressure  at  4  (o  o  in  the  morning  is  much  more 
t'vidi'iil  at  thf)  top  of  tilt'  towtT  than  at  the  base,  while  the  first  maxi- 
tnuiii  u(  1>  or  U>  in  the  morning  is  a  good  deal  less  market!  oo  the  sum- 
mit than  M«w.  The  stHtmd  miuimitm  of  U"  ,2  to  5  in  the  afternoon] 
J!t  alsi)  h>M.t  «tn  tlu>  summit ;  tbf  second  maximum  at  ^''  (10  in  the  cveii- 
1)1)!^  ii*  MUui'timiv^  a  tiltlo  utoni  pronounced  at  tbe  summit,  but  the  dif- 
tt'ivntv  IK  sbjihU  The  gmu'ral  oorrvcled  aren^e  pressure  thronghoat 
lhi»,\isu'  at  the  top  <tf  ihv  ton  or  i.-^  lov«r  by  0.12  millimeler.  about  four 
oH«'  thimsandlU^itrau  inch,  aditft-n'mvnot  yKsutisfiut<mlyexplaine<l. 

As  to  tvH))H>rittt)ns  it  is  gvhoral'iy  tx\\m  1--  to  4^  C.  colder  on  tlie 
towoc  ili;»tt  (h'Iow,  tlu'  moDth  of  IVwttib^T  being  ibe  ooly  oue  wheie 
lhi~1«<iit|H>r4it)i'vi«  hij^txTAl  tlu>Mi:i:uti;  ilui)  «i  ibebaj«.  Thecbaoge» 
ol  t(';»)>«':.tl;))v  .1)1^  liv^  n\;uUtr.  :hi*  liiurujU  Tsu-iatiiwis  not  SO  latgr, 
« )r.)i>  il'.o  s:».)*.Vr«v«-:tU-«;io»»  ^uv  Much  tt<.<v  aiarkfd  at  the  samniit  than 
Ml  iW  KkNtv  »!  .«rto;>  h^;-!^':-,;;^;;  i;  *t  !*>Ta*  a:*  iv-^isten«I  above  which 
a»v  »;v*»;,i!<-'^  1.  ,tiv;ir>rNi-:,t'.>>  >->«-  S»r::*  i*f  tb*  t  uaiieis  of  tempen- 
t  .;>v  \>s\«\U>t  ;«  I"  <■  n««r:  atv  wry  ir-.i^ri*b'^  a$  for  iBstsoc«  a  leap 
h;.**;\(o;  t\*  v\  /.S'  V\v  •>.\->.  t-s*  i\:  Kr.uvjasmr*  look  tvoda>'8to 

AV. ,;.  N.*.,s;  *;  .vi,  !«»,vr  sv  jrv^i;   :,:<-^'«  ro  :^-r  «v^aAer  st*d«ot  m^y 
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befbaod  in  M.  Angot's  uiast«rly  Annals,  1889  to  1892;  and  I  hare  been 
fsTored  My  that  gentleman  with  a  letter  giving  some  of  hiH  moat  recent 
results.    It  coDt^adea  as  follows: 

Tbe  only  general  result  which  is  not  to  be  yet  found  in  my  annua) 
memoiro  is  the  following: 

The  annnal  variation  of  temperatnre  on  the  sainmit  iu  nlready  found 
to  be  very  different  from  that  at  the  level  of  the  soil.  The  difference  of 
temperature  between  the  lower  level  nnd  the  upper  amonnta  to  l.G°  C. 
(3.9^ F.)  at  itn  maximum  at  the  endof  June,  while  it  is  nta  niininiiim  at 
theendof  September,  when  it  only  attains  0.3°  (J.  (O.o^F,).  The  annual 
cooling  of  the  air  occurs  much  more  rapidly  below  than  in  tbe  upper 
air,  a  fact  altogether  analogons  to  that  shown  by  the  variations  of  tbe 
daily  wave  of  temperature,  and  it  frequently  happena  that  in  the  months 
of  September  aurl  October  there  is  a  mean  temperature  bigtier,  in  abso- 
Inte  value,  at  300  meters  altitude  than  on  the  ground.  The  inversion, 
tberefore,  whicli  is  constantly  shown  in  the  hourly  ineiins  presents  itself 
also  in  the  monthly  ones,  bntoutyin  tbe  autumn,  and  not  in  the  coldest 
part  of  the  year. 

The  society  will  be  grateful  to  M.  Augot  for  this  preliminary  note  of 
some  of  his  important  conclusions. 

M.  Angot  also  calls  attootion  to  the  following  fact  with  respect  to 
liamidity : 

Sometimes  a  process  the  reverse  of  evaporation  has  been  noticed  nn 
tlie  Eiffel  Tower.  After  a  cold  period  on  one  occasion,  when  a  sudden 
imrmingof  the  air  took  place  accompanied  by  great  hDuiidity,  water 
rapidly  condensed  from  the  atmosphere,  so  that  in  three  days  as  much 
m  9  millimeter.-)  (about  three  eighths  of  an  inch)  iiccumulnted  in  the 
resBels  used  for  evaporation  experiments.  Generally  speaking,  the 
atmosphere  is  nearly  8  per  cent  drier  at  the  top  of  the  tower  than  it  is 
below. 

Attempts  have  been  made  in  our  own  country  to  secure  observations 
on  high  towers,  bat  as  they  have  been  of  necessity  confined  to  much 
lower  altitudes,  I  must  content  myself  with  showing  you  the  picture  of 
the  places  where  the  two  most  notable  experiments  have  been  made, 
vit,  Lincoln  Cathedral  and  Boston  church  tower. 


:  OBSKRVINO   s 

One  word  about  privato  observing  stations.  In  a<ldition  to  the  tele- 
graphic reporting  stations  of  the  Government,  this  society  has  a  great 
oniiiber  of  observers  in  different  parts  of  the  British  Isles,  whose  daily 
observations  are  published  in  our  Meteorological  Kecord.  I  show  you 
a  view  of  such  a  private  installation,  and  in  it  you  may  recognize  Mr. 
Miiwley,  a  gentleman  of  whom  you  will  know  more  by  and  by.  Mr. 
Symons  tells  me  that  Mr.  Mawley's  station  is  so  well  arranged  and 
conducted  as  to  serve  as  a  type  and  pattern  fur  all  others  of  tbe  same 
order. 

CON0LD8ION. 

I  have  now  endeavored,  as  much  as  has  been  possible  in  one  brief 
disconrse,  to  give  you  some  bniv  inronnation  as  to  observatories  Ia, our 
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<»wti  and  in  foreign  countries,  and  it  may  be  permitted  to  throv  a 
gliiiK'i^  IVam  "tliv  mind's  oyc"  inU)  the  ruturc  and  imagine  anobserva- 
lovy  in  On'iit  Britain  wbicli  8lmll  mnre  than  rival  those  of  other  conn- 
trii'H.  One  can  figure  to  ouesolf  a  tower  piercing  the  sljy  fiom  nnv 
of  tin-  elevated  tuble-lands  of  this  island,  Salisbury  Plain,  the  Stmy  al 
Hiirn>n»te,  or  anywhere  on  the  downs  between  Guildford  and  Dorkhig, 
from  which  the  most  inreresting  results  could  not  fail  to  neerue.  It  is 
the  o|tinion  of  M.  Vallot— no  mean  authority — that  a  high  tower  is  for 
nirohserving  ]nirtH>si>s  efiuivalent  to  a  mountain  )<tntion  of  ten  times 
the  altitiule.  and  this  is  evident  when  one  considers  that  any  mountai[i 
unist  lU't  as  an  obstacle  which  thrusts  the  layers  of  the  atmosphere 
upward  into  a  contour  ahuost  like  its  o\rn,  so  that  some  of  the  effects 
are  very  little  diflerent  imm  those  observed  below.  A  tower  liketbe 
KilVel  Tower,  on  the  contrary,  thrusts  itself  into  the  air  without  iai|ied- 
ing  its  movements. 

Among  the  new  subjects  which  might  with  advantage  be  studi«l 
n-oni  sncdi  an  observatoi-y  are  the  systematic  photography  of  the  clouds 
nil  around  the  horizon  and  the  eflects  of  observed  refraction  in  tlie 
ditl'crent  air  strata,  a  subject  only  yet  in  its  infancy;  for  Mr.  H.  F: 
Ncwiill  showed  only  last  Friday  to  the  Fellows  of  the  Royal  Astro- 
nomical Society  how  he  had  observed,  in  the  gi'eat  telescope  of  Cani- 
hritlge.  waves  of  a  varying  speed  and  frei]uencj-  crossing  each  other  at 
dlllciTut  angles  in  the  field  of  view  when  the  telescope  was  pointed  at 
I  III'  o|H'n  sky.  lie  says  the.-^e  beh«ig  to  the  upper  air  ■!  or  5  miles  from 
I  he  earth,  and  if  he  is  right  (whiih  I  hope),  here  alone  is  a  new  field  of 
nlildy  whicli  nmy  be  fruitful  of  results  in  the  future.' 

It  Is  the  boast  of  our  society  that  it  is  covering  the  face  of  the  conn- 
|i\,  and  indeed  of  the  world,  with  a  network  of  private  observing 
nliil  Ions,  and  it  is  ('ollecting  together  tor  the  enlighteumcutof  all  future 
IIMic  IV  mass  of  lU'curate  knowledge  on  the  subject  of  the  thousaud 
I'hanui's  in  our  atmosjihere,  its  varying  moods,  its  beating  pulses,  its 
I'lihnH  and  its  convulsions,  so  that  when  the  philosopher  is  boru  who  is 
di'xiiiii'd  In  unravel  alMts  mysteries  he  will  find  the  means  and  iustrii- 
iiivnli  made  ready  lo  his  hand. 

•  The  Dbservatory,  1896,  ji.  77. 
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COLOR  PHOTOGRAPHY  BT  MEANS  OF  BODY  COLORS,  AND 
MECHANICAL  COLOR  ADAPTATION  IN  NATURE.' 


By  Otto  Wibnee. 


I. — Scope  op  the  iNVESTioATioit. 

In  the  investigittiou  of  fixed  lightwaves '  I  came  at  once  npou  tho 
question  of  the  fuudumeutal  possibility  of  color  photography.  Zenker 
hait  explained  ttie  processes  then  in  use  by  the  action  of  stationary 
lightwaves.'  Objections  to  the  explanation  not  as  yet  overthrown  are 
offered  in  an  article  by  Schultz-Sellack.'  On  this  accoiiDt,  and  because 
I  was  unacquainted  with  the  possibility  of  the  production  of  thicker 
tntusparent  photographic  lilins,  I  considered  the  solution  of  the  (jues- 
tiou  must  be  sought  in  other  directions.  These  difticnities  weio,  bow- 
ever,  soon  ufter  oveixrome  by  Lippuiau,'  and  he  snccecded  in  obtaining 
a  process  of  color  photography  by  a  suitable  production  of  stationary 
lightwaves,  and  tbns  by  the  applicathiii  of  Zenker's  theory. 

That  this  theory,  however,  explained  the  older  processes  was  not  yet 
proved,  and  I  was  anuble  to  find  anything  looking  to  such  a  proof 
thoroughly  established.  I  determined,  therefore,  to  discover  by  new 
experiments  the  caase  of  the  color  production  in  the  older  procedures. 
These  experiments  form  the  point  of  departure  and  a  considerable 
portion  of  the  following  communication. 

The  objections  of  Schultz-Sellack  are  by  no  means  to  be  brushed  aside 
without  further  consideration.  He  disputed  the  fact  of  regular  fixed 
ligbtwaves  in  jtowders.  Powdered  substances  had  been  used  for  color 
production  in  tho  first  process  of  Seebeck,  whose  observations  were 

' TraDHlHted  from  ADualen  dcr  Fby«ik  uud  Cbcniie,  Neiie  FoIkk.  Unndfra.  1S<J5. 
Lcipitig. 

'WieD«r,ADi]a1«D<1erPhytiikQii(lChemie,  40:p.203, 1890. 

"Zenker,  Lt-lirbnch  der  I'botocbroiiik',  Berlin,  priviite  puhlifation  li;  tbo  author, 
11^.  In  my  earlier  iiivesti){Btii)n  I  fuiinil  that  Lord  liayleigli  also,  in  itiDuei'IioLi 
with  IbtiDvtitig&tion  of  wnvepropngatiou  in  n  medium  nfperiudir  atriK'tiiTu  (I'kilo- 
Htpliii-al  magazini^  (5)  24 :  p.  158,  18ST),  had  coiiHidEred  the  poMibllity  of  Ihia  Kicpla- 
ualioD.  lie  was,  however,  iillaci|iiaiuteil  with  the  tht^ory  of  Zuiikei'  piibtiahed  iiini'. 
two  years  before. 

'^chnltz-Sellack,  "Upon  the  coloration  of  turbiil  iiiecUn  and  tho  80-ralluil  I'ulor 
photograpby."    Anualen  di-r  Phyaik  niiil  rhemiu,  M3:  p.  449, 1871. 

'Lippman.     Comptiw  rendiis,  H2:  p.  274,  IMill. 
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pnblifilied  in  Ooetbe's  ■' Farbenlehre,' '  in  the  year  1810.  ijeelieck  used 
moJHt  cliloride  of  silver  which  had  become  gray  l>y  the  action  of  light, 
Hpreading  this  upon  paper. 

Schtiltz- yd  lack's  objection  applies  with  the  gi'eatest  force  to  pro- 
cwwe«  wliere  paper  is  coated  witli  the  substance  senstttre  to  light  by 
winking  it  in  diSerent  solutions,  ae,  for  example,  in  I'oitevin's  procesK. 
It  does  not,  on  the  other  hand,  apply  in  those  which  make  use  of  a 
nnilbrm  transparent  layer  of  a  substance  sensitive  to  light  with  a  good 
rcMtHitiiig  background,  as  the  processes  of  Becqnerel,  in  which  bright 
silver  plates  are  chloriiiizcd  to  a  determined  depth  by  electrolysis. 

A  s(M;iind  objection  of  Schultz  Sellack  is  raised  ngainst  the  possibility 
of  tiic  satisfactory  production  of  colors  by  a  mechauical  division  of  the 
layer  brought  about  by  the  esjiosure,  the  degree  of  which  would  be 
dt'lt^tmiiiei)  not  by  the  colors  bnt  by  the  intensity  of  the  light.  The 
coloring  would,  uuder  these  circumstances,  be  ouly  accidental.  This 
enplaniitioD  is  in  reality  shown  to  be  erroneous  in  chapter  five. 

New  doubt  concerning  the  general  validity  of  Zenker's  theory  is 
f'liisHl  by  the  investigations  of  Cary  Lea'  on  the  haloid  salts  of 
nllvrr.  lie  showed  that  the  colored  substances  produced  by  the  action 
of  ciilonul  light  on  chloride  of  silver  already  exposed  luay  be  prodnted 
by  |iiiri-ly  chemical  methods  in  the  dark. 

II,  Krone'  also  hatt  recently  given  a  series  of  reactions  for  the  Poite- 
vlii  (iriHM-HN  which  are  carried  through  by  the  exposure,  and  by  which 
i|ll1ltiii|jl:  colored  bodies  may  be  produced  in  the  sensitive  substaniws 
by  i>in'v\y  clieiuical  means.  He  announces,  therefore/  "The  metboci 
(it  rolleviii  rcBts  upon  purely  chemical  procesaes,"  and  is  "totally  dif- 
fi>H>iil  from  that  of  Lippman."  But  he  also  makes  the  following 
Milittiiiti''  "This  caiiSiU  connection" — namely,  between  the  color  of  the 
hulil  mill  the  iibovementioned  bodies  which  may  be  produced  by 
rlii^litli'itl  incitiis — "is  of  a  purely  pliysical  nature,  and  is  ouly  to  be 
iL»|diiJii<>d  with  reference  to  the  processes  and  by  the  progress  of  inves- 
l-itt'HiiiH  iti*"')  wave  motion  and  the  nature  of  light." 

Il,  iiiiw,  ll)i«  Zenker  theory  has  no  application  in  this  case,  it  is  Dot 

i:^|iiiicial,v  Nliiled  wherein  the  voritlcatloa  fails.    On  the  contrary.  Krone 

ii^.u'ilo"  "Mint  our  present  knowledge  of  the  method  of  pliotograpliic 

"     '         40  far  AS  this  has  until  now  been  chiefly  deduced, 

!:  p.Tlti.     Tbe  there  comniniiicateil  meiDoir  of  iseeheck  I 
iiiiH  ol'  the  oomplete  works  nr  Gnethe  whicb  1  rimid  pom- 

nil  imrjile  ulilorlilo,  l)roiiii<le,  ami  ioiliilo  of  siver;  ou  lielio- 
lit   ii]iMto)(Tii|>hii'  iiiin)^."    American   .Iniini.il  of  Scivuct), 

Hi  ill  tlio  Iti-iitHrha  Pbotofimpben-Zeitnng,  p.  327,  ff.  1891, 
lliiiilt  ilcr  iifttilrlii'lii'u  Fiirlieii  diircb  Photograpliie,"  pnli- 

i.>t..Kru|<1i<>n'/<')l.iii>):,  ]>.  43,  WH. 
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rests  upoD  Zeoker'a  theory.''  He  implies  that  the  knowledge  is  not  as 
jet  finuly  established,  and  this  luuy  be  inferred  also  from  tlie  following 
sentence,  wbicli  finishes  the  treatise  above  cited :  "  We  may  assume, 
in  consideration  of  the  color  processes  of  whicU  we  have  been  spaak- 
iDg** — tbose  which  I  have  desifrnated  an  old — "that  the  resulting  colors 
appear  the  same  to  as  as  the  colored  lights  used  in  the  exposure, 
becaose  the  molecules  of  the  layer  exposed  continue  to  vibrate  with  the 
same  wave  lengths  which  they  encountered  in  the  light  to  which  they 
were  Bubjected," 

The  assumption  thoa  made  in  the  last  sentence  leatls  however  to  no 
expIaoatioQ  of  the  color  results;  for  since  the  place  e\iH)8e«l  does  not 
become  self-luminous,  the  further  vibratioun  of  the  molecules  mast 
resale  in  the  absorption  of  the  colors  before  illuminating  and  the  place 
ironld  appear  of  the  colors  complementary  to  these. 

In  this  state  of  affairs  the  fnndamental  qaestion  mast  first  of  all  bo 
proposed:  ^Vre  the  colors  appearing  in  the  older  processes  apparent  or 
body  colors — that  is  to  say,  produced  by  interference  or  absorption  t 

In  the  first  case,  which  is  the  one  required  by  Zenker's  theory,  it 
mnst  be  further  asked:  How  is  it  then  possible  that  the  same  colors 
may  be  produced  by  chemical  means  f  Is  it  |K>ssible  that  by  chemical 
artiou  a  body  may  be  produced  with  a  stratified  structure  which  is 
capable  of  producing  interference f  Krone'  indeed  alleges  this  extra- 
ordinary xKissibility;  and  it  becomes  clear  that  in  tiiis  case  oue  may 
ilistiugnish  a  process  as  chemical  without  contradicting  Zenker's  theory. 

Ill  the  second  case  however  Zenker's  theory  is  not  applicable,  and 
oric  is  confronted  by  the  remarkable,  and  for  my  science  new,  issue, 
the  fundamental  possibility  that  colored  illumination  cnn  create  cor- 
responding body  colors.  Yet  in  these  circumstances  one  might  ]>crhapa 
fall  back  on  the  consideration  that  absorption  and  interference  may  not 
be  fnndamentally  different.  Thus  absorption  follows  from  the  inter- 
ference theory  developed  by  Wrede.'  Such  an  asKamption  is  not  how- 
ever compatible  with  the  fact  that  the  metals  show  the  characteristics 
of  iibsorption  at  a  thickness  of  about  i,^„  the  wave  length  of  light. 
It  is  fandamentally  contradicted  moreover,  as  was  shown  long  ago  by 
Stokes  and  Kn<lberg,  by  the  fa«!t  that  absorption  is  connected  with  a 
loss  of  light  whose  energy  is  changed  into  other  forms,  as  for  example, 
into  heat  or  chemical  energy,  while  with  interference  alone  no  light  is 
lost,  the  reflected  and  transmitted  together  being  always  equal  to  that 
incident,  and  in  the  case  of  white  light  comptementiiry  to  each  other. 

But  why  is  it  that  the  question  as  to  the  simrce  of  the  colors  in  tlie 
older  methods  of  color  photography  has  not  already  been  easily  decided  t 
Zenker'  gives  the  answer  to  this  question.  The  fundameutnl  substance 
ill  these  is  chloride  of  silver  or  a  lower  chlorine  compound  of  this  salt. 

'In  the  »i1ilrew  above  cited. 

'Wrede'a  tlieor;  and  refntntioii,  sen  Wllllni'r,  l.i-lirbiicli  iIit  ]''\[ioriDioDtiil-I'liynik 

3:  p.  ^56,  4th  wlitiou.  1883. 
'Zeuker.     Photo.' hron.i.,  |..  K..  d t,,,,;^^  oy  GoOqIc 
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able  angle  with  the  DOrmal  to  tbe  aiirface.  The  tlitference  of  path  of 
the  iDterfi;riiig  light  waves  will,  in  comparison  with  verticiil  iurideune, 
be  gi'eatly  changed,  and  according  ax  the  <»)lorH  are  thua  altered  or  not 
arethey  interference  or  body  colora.  A  description  and  theory  of  tliia 
prism  ex]»eriment  follow  in  Chapter  XI,  below. 

If,  iii>w,  the  Hpectrum  were  produced  according  to  the  method  of 
Beciinerel,  the  aurprining  result  apiwared  that  a  ]H)rtiou  of  the  spec- 
tram  observed  'nrough  the  prism  appeared  when  cumpm-eil  with  that 
observed  directly  through  the  air  to  be  considerably  (liHpIat'cd  toward 
the  extreme  red.  This  is  exactly  the  color  sbiftiuK  which  ia  to  be 
expected  if  the  theory  of  Zenker  ia  correct. 

Zenker,  therefore,  deserves  the  credit  of  having,  in  the  year  1868, 
rightly  recognized  aa  the  cause  of  the  coloring  iu  the  Becquerel  proc- 
ess the  Motion  of  tlxed  light  waves. 

The  ptiotograpbic  substance  in  iu  Seebeck's  metlicHl  the  same.  The 
only  ditt'ereiice  lies  in  the  form.  Beebcrk  used  {towder,  Beci[uerel  a 
homogeneons  film  of  silver  cJiluride  mixed  with  snbchloridea.  The 
color  displacement  iu  the  prism  experiuient  is  t4>  be  exjtected  to  occur 
with  the  same  prominence  as  with  the  Heci|uerel  plates.  The  dlaplace- 
ment  is  in  fact,  however,  not  to  be  observed,  and  just  as  little  iu  the 
Poitevin  proceas. 

The  objection  of  Schultz-Hellack  i.-*  shown  to  he  vahd  exactly  iu  those 
cases  where  it  would  appear  pi auai bio  front  previous  considerations; 
fur  in  fine  i>owder  and  in  paper  one  could  exi>ect  no  regularly  arranged 
stationary  light  waves. 

But  the  question  may  properly  be  aaked.  Why  are  there  not  created 
iu  the  Becquerel  plates  body  <;nlor8  as  well,  since  these  plates  contain 
tlie  same  substance  as  those  of  Scebeck  t  It  does  not  appear  impossi- 
ble that^  besides  the  interference  colora  demonstrated  to  be  present, 
there  may  also  be  body  colors.  1  was,  indeed,  able  to  show  that  in  the 
method  of  Becquerel  body  colors  also  coo|>erate.  The  proof  of  this 
may  be  found  in  Chapter  XI,  below.  The  colors  on  plates  of  Seebeck 
and  Poitevin  are,  on  the  contrary,  exclusively  body  colors. 

There  are,  therefore,  methods  of  color  photography  whiidi  can  not  be 
explained  through  application  of  the  theory  of  Zenker;  and  there  are 
substances  in  which  colored  illumination  gives  rise  to  corresponding 
body  colors,  in  which  the  coloring  is  not  due  to  interference,  but  to  a 
characteristic  absorption  determined  by  the  chemical  constitution. 

But  how  is  such  a  phenomenon  couceivablel  The  idea  of  a  ])08sible 
ausvcr  came  to  me  in  reading  the  above-mentioned  memoir  of  Carey 
Lea.  Tho  various  (Milored  compounds  of  chlorine  and  silver  which  he 
mentioDs  are,  according  to  him,  molecular  compounds  of  silver  chloride 
and  protochloride,  but  not  to  be  expressed  by  definite  number  relations. 
He  groups  them  under  the  name  of  "  photochlorides."  These  colored 
compounds  are  also  formed  by  the  action  of  light  uiwn  a  ground  coii- 
nsting  of  silver  chloride  and  protochloride,  such  as  ia  at  hand  iu 
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aptation.    Thna  colors  so  produced  may  be  called  adaptatiou  colors, 

tlie  name  time  remembering  tbat  a  phyBicat  chemical,  arid  in  tbe  lant 

lalysia  a  loecbaDJcal  process,  is  in  cousideratioD.  An  adaptation  of 
icli  a  character  may  be  distingaisbed  as  a  mechanical  adaptation. 

The  question  arises  whether  there  may  not  be  in  nature,  rich  ns  it  is 
.1  color,  sensitive  substances  with  the  same  characteristics  as  the 
round  of  these  pbotograms.  Cau  uot  certain  adaptation  colors  in 
atnre  be  thus  explained  T  To  be  sure  one  is  accustomed  to  regard  tlio 
diiptation  in  nature  in  the  light  of  the  fundamental  law  of  Darwin  of 
iie  mitDral  perpetnation  by  the  selection  of  advantageously  altered 
unns  of  life.  I  am  not,  however,  concerned  with  hucIi  a  biological 
ulaptatioii,  but  only  with  a  mechanical.  This  conjecture  api>eared 
to  be  confirmed  by  observations  wbicli  I  found  in  biological  works  lent 
me  by  tbe  kiudness  of  Professor  Oltnianns,  of  Freiburg. 

I  came  first  of  all  on  the  following  remark  in  the  work  of  Theodore 
Eimer:  "Die  Kntstelmng  der  Arten  auf  Orund  vuu  V'crcrben  erwor- 
bener  Bigenscbaftuug  nach  den  Gesetzen  organisclien  Wachsens, 
Eiii  Beitrag  zor  einheitlicbeu  Aufl'asaung  der  Ijebewelt."'  Eimer 
opposed  a  too  far-reaching  estimation  of  the  effect  of  biological  adapta- 
tion in  the  agreement  of  the  color  of  an  animal  with  its  surroundings, 
aad  pointed  ont  a  possible  chemical  action  of  light  iu  cases  of  quick 
color  changes.  It  has  been  observed  "  that  butterfly  pupiu  are  during 
their  development  iudaeiiced  by  the  color  of  their  surroundings  so  far 
(hat  they  assume  these  colors."  .  .  .  "for  example  the  red  color  of 
a  cloth  enveloping  them."  In  explanation  of  this  remarkable  observii- 
tioii  he  assumes  that  the  substance  of  which  the  chrysalis  is  composed 
"is  of  such  a  character  that  it  serves  tbe  puriwRe  so  ardently  son;;ht 
at  present  of  color  photography."-  lu  the  possibility  of  snch  a  con- 
nection I  am  justified  in  making  mention  of  this  Hrcumstanc^  without 
having  veriKed  the  explanntion  by  ex|>eriments  of  my  own.  It  would 
be  scarcely  imssible  for  me  to  a<ld  anything  new  to  the  excellent, 
thorough,  and  protracted  experiments  which  Poultou^  has  carried  out 
OD  the  color  adaptation  of  the  caterpillars  and  their  im[ne. 

According  to  ttiese  observations,  one  would  uot  be  justitied  iu  cum- 
parhig  the  skin  of  caterpillars  directly  with  a  photographic  plate. 
These  are  in  addition  physiological  processes.  Nevertheless,  I  will 
attempt  to  show  from  the  observations  of  I'oulton  that  the  pigment  of 
the  caterpillar's  skin  during  the  sensitive  states  i>ossesses  in  some 
degree  the  peculiarities  of  a  color- receptive  substance. 

But  if  mechanical  adaptation  occurs  in  this  ease,  can  it  nut  have  a 
more  general  application  in  the  formation  of  the  living  world  T  1  found 
this  supposition  confirmed  in  a  paper  of  August  Weismann  "  Aeussero 
Einfliisfie  ids  Entwicklungsreize."'  , 

'  Eimer,  Jena,  pabliahud  by  (iiiiituv  FIsi'her,  IWS. 

■  Loc.  cit.,  page  155. 

*PoaltoD.     For  the  citatioDH,  see  Cbnpler  XV. 

*  A.  WeiAmaim.     Jena.     Publisbeil  by  Gaatav  FJHcber.  l^!VoOQ  Ic 
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He  calls  the  process-  ]iere  designated  as  mecbaDJcal  adaptation,  so 
far  as  it  plays  a  part  with  living  beings,  "intra  selection/"  and  refers 
to  a  work  of  Wilhelm  liou\,  whicb  appeared  iu  1881,  ■'  Der  Kampf  dcr 
Tbeileiiii  Organlsmus,  ein  Reitrag  zur  "VervoUstiindipung  der  me^-Iia- 
nischen  Zweekmiissigkeitslehre."^  Tbe  bitter  designates  tbe  process  as 
"functional  adaptation,"  and  discusses  it  in  a  general  way  as  caused 
bythe  "strife  of  the  molecules,"  "strife  of  the  cells."^  As  ''uiolecnles" 
ho  understands  tbe  smallest  organic  process  units.  In  the  case  at 
band,  "molecules"  is  to  be  taken  literally. 

Indeed,  tbe  result  of  colored  illumination  iu  a  body  m:iy  be  figura- 
lively  expressed  as  tbe  victory  of  the  similarly  colored  molecules  over 
llioso  dissimilarly  colored,  won  by  reason  of  tbeir  capa<-ity  of  best 
rellectiiig  tlie  incident  light.  Tlius  the  application  of  the  explanutiou 
of  tbe  older  procesHca  of  color  photogniphy  to  the  explanation  of  certain 
adaptation- colors  in  nature  lea<ls  to  tiie  arrangement  of  these  phenom- 
ena under  general  groups,  which  may  be  recognized  as  processes  of 
uiochanicitl  adaptation. 

1  proceed  now  to  the  experimental  verillcation  and  the  exact  fonud;^ 
tion  ami  working  out  of  the  mutters  above  mentioned.  First  of  all,  I 
must  express  my  tlmnks  to  Professors  Arnruni,  Grotriaii,  Holzapfel. 
and  WilUner,  of  the  technical  college  of  Aachen,  for  their  assistance. 
Since,  unfortunately,  I  found  it  hard  to  judge  of  many  of  the  finer 
differences  of  color,  I  have  given  no  observations  of  color  nuless  they 
had  Ihh'u  unMle  or  checked  by  one  or  more  of  these  gentlemen. 

II. — AlM'ABATrs   ASD    PEOCEDCKES. 

For  the  phctogniphy  of  tbe  s|RVtrani  a  Steinbeil  spectnini  apparatus 
was  used,  in  which  Ihe  wubir  w;is  rephu-ed  by  a  smalt  photographic 
otuueni.  This  v\n\U\  Vh>  scr»'wiHl  to  a  tnK'  whicb  titt«l  in  tbe  telesco^w 
tulH>.  The  U(^)U!tIment  was  iH'rliunuHl  by  means  of  a  rack  and  i>inion 
motion, 
TIh'  widlb  of  (he  slit  was  aboni  I  milliiuctcr  when  great  brightness 

Uiini'tcr  whin  a  sptH'trum  of  greater  purity 

of  the  spivtrum  lVi>m  .\  to  II.  was  19,2 
gt'nciiilly  Ivtwtvii  J.',  and  IS  millimeters. 
.u.i;;j  t!ic  chvtri>'  art-  of  a  large  Schnckert 
c:ii!X'!it  s;n'tii;ih  of  Mt  amperes  and  whose 
less  of  aNv.jt  iv,  n!;:i::ii<-t*Ts.  The  airbons 
i»  I'.-.o  ver:!i.i;,  .*.>  :!;.it  the  greatest  light 
v.iMvIy  b.';;.on:.i:  <!i:v.:i..n.  The  time  of 
b.>«r  :.>  ai  b,v.r  iji  U'-n<r-,tl.  though  nmler 
so. ''..>:■>  w<r>  ;-.\v!,:,xil  aT^.-ra  few  minutes. 
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I  designate  as  the  Seebeok  prooeas  in  general  that  ia  which  the 
sensitive  iDaterial  is  prelimiDarily  exposed  chloride  of  stiver  powder.' 
1  used  in  this  pare  chloride  ol'  silver  precipitated  iu  the  dark  aod  then 
dried.  The  i>owder  was  then  placed  between  two  glass  plates  and  the 
edges  of  these  cemented  together.  The  preliminary  exposure  was 
made  at  first  with  violet  and  ultraviolet,  but  later  more  quickly  with 
white  light.  It  was  continned  nntil  the  powder  had  taken  on  a  not 
too  dark  violet  color. 

BecquereH  has  experimented  with  various  modifications.  I  used 
'exclusively  and  distinguish  here  as  the  Becquerel  process  that  peculiar 
to  him,  and  employed  electrolytically  chlorinized  silver  plates,  but  with- 
'  out  subsequent  heating.  For  tbcir  preparation  I  used  brightly  polished 
electrolytically  silvered  copper  or  brass  plates  or  else  thin  sheets  of  silver 
tbemselves.  There  were  dipped  in  a  weak  solution  of  hydrochloric  acid 
(1:8)  as  positive  electrode,  while  a  current  of  from  two  to  four  amperes 
passed  between  surfaces  of  about  30  square  centimeters  area  for  some 
seconds.  The  thickness  of  silver  chloride  deposit  recommended  by 
Be<-/|uerel  as  the  most  satisfactory  wasattained  by  the  passageof  aquan- 
tity  of  electricity  which  would  suffice  to  separate  0.067  cubic  centimeters 
of  hydrogen  per  square  centimeter  of  silver  surface.  This  thickness 
is  according  to  an  approximate  calculation  about  0.0016  millimeters. 
After  coating,  the  plate  is  quickly  dried  between  filter  papers,  and  then 
nibbed  with  soft  leatlier. 

Poitevin^s'  procef^s  was  used  by  Zenker  and  Krone  and  developed  by 
them.*  Following  their  directions  I  bathed  Bives-Bohpapier  in  a  10  per 
cent  solution  of  common  salt  for  two  minutes,  then  for  one  minute  in  an 
8  per  cent  solution  of  nitrate  of  silver.  The  leaf  was  then  quickly 
vashed  and  was  exposed  in  diffused  daylight  to  the  action  of  astannous 
chloride  solution  containing  5  grams  of  stannous  chloride  to  100  cubic 
eeotimeters  of  water,  till  it  had  attained  a  not  too  dark  colomtion. 
After  this  it  was  bathed  in  a  mixture  of  one  part  concentrated  potassium 
cliromate  solution  and  two  parts  concentrated  copper  sulphate  solution 
and  preserved  between  filter  papers.  It  is  well  to  moisten  the  paper 
somewhat  before  exposure  if  quite  dry. 

Development  is  of  course  unnecessary  in  any  of  these  processes,  as 
the  colors  are  formed  during  the  exposure. 

Fixing,  which  in  the  last  of  these  methods  is  possible  to  a  slight 
extent,  I  have  not  undertaken. 

'See  I'itatioD,  |i.  168.  All  tlieso  prucetDies  nru  ili-acribed  in  the  iKHika  of  Zenkoc 
(•M  p.  225)  and  Krone  (see  p.  221). 

'l^dffluDil  Becqnenl,  AnD*ks  du  oliiuiiu  vl  ile  pbyuiquii  (3),  22:  page  451,  1S48; 
B:  page  447,  1849;  42:  page »1, 1854;  see  aim i  E.  Beciiuurel,  "LaLiiiuiuru,"2:  pa|{e 
aw.    Paria,  Finnin  Didot  FrrreB,  Filn  et  Cie,  186K,  , 

'Pniteviu.     Complea  ri^DduB,  61;  page  1111.     18G6. 

'Sec  th»  work  already  mentioned. 
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Til  neither  of  tbe  other  processes  are  the  colors  so  accur]it«ly  repro- 
iliiced,  and  they  look  dull.  The  Seebeck  plates  show  besides  violet 
only  blae  and  red  distiactly,  and  the  latter  is  a  sort  of  rose  red,  tlie 
former  being  often  ratbergrayisli.  Green  is  very  indistinct  and  yellow, 
banlly  to  be  distiiigaished.  But  there  appears  in  their  places  a  con- 
>iider»ble  brightening  of  the  violet  backgronnd.  Tbe  Poitevin  process 
in  superior  to  that  of  Seebeck.  All  the  colors  appear,  bat  there  is  a 
predominating  yellowish  brown  tone.  The  yellow  parts  of  the  spectrum 
are,  as  reproduced,  more  of  an  orange  color,  similar  to  the  color  of  a 
paper  soaked  with  potaasinm  bichromate 'solution. 

v.— Lnoobkbotness  op  thb  Explanation  of  the  Bepsoduotion 
OF  Colors  accobdinq  to  Schultz-Sbllaok. 

A  transparent  tilm  of  silver  iodide  produced  by  the  action  of  iodine 
on  a  silver  mirror  chemically  precipitated  on  glass  is,  according  to 
3clmltz  Sellack,^  not  chemically  changed  by  the  a^ttion  of  light,  since 
there  ia  nothiug  at  band  to  absorb  the  iodine.  Tbe  surface  is,  on  the 
other  hand,  mechanically  disintegrated  to  a  very  flne  powder. 

[  observed  such  a  film  under  tbe  microscope,  and  determined  the 
diameter  of  the  grains  to  be  about  1  fi  (thousandth  of  a  miltimeter) 
with  a  space  between  them  of  from  0  to  3  /i.  The  yellow,  unchanged 
io<lide  of  silver  film  was  visible  through  them. 

The  series  of  transmitted  colors  succeeding  under  the  influence  of 
sunlight  is,  according  to  Schultz-Sellack,  yellowish  brown,  dark  brown 
with  stronger  illumination,  red,  green,  bine,  bright  blnish  white;  finally, 
the  film  is,  with  slight  exposure,  almost  completely  colorless  and  trans- 
parent. I  observed  also  such  colors,  bnt  since  a  strong  and  steady 
beam  of  sunlight  was  inaccessible  to  me,  I  used  an  electric  light,  with 
which  it  was  impossible  to  secure  uniform  action.  Parts  of  the  iodide 
of  silver  film  exposed  equally  long  tn  light  attained  differeut  colors. 

But  only  violet  and  ultraviolet  rays  are  able  to  cause  this  mechanical 
disintegration  as  I  found  in  confirmation  of  the  results  of  Scbultz- 
Sellack.  Herein  ties  tbe  possibility  of  forming  different  colors  by 
different  intensities  and  durations  of  exposure.  A  representation  in 
difiierent  colors  can  therefore  apparently  be  obtained  "which  is  able 
to  distinguish  the  different  intensities  of  violet  light,  which  are  trans- 
mitted by  red,  green,  and  blue  gloss." 

These  colors  are  held  by  Schultz-Sellack  to  be  diffraction  colors, 
because  they  appear  most  strongly  when  one  observes  tbe  plates  in  a 
darkened  chamber  opposite  to  a  small  light  opening,  indeed,  tbe 
colors  are  very  dull  when  viewed  by  diffuse  light.  But  they  fail  (o 
sbow  the  characteristic  property  of  diffiractioii.  They  do  not  appear  in 
a  direction  at  an  angle  with  the  incident  ray  as  with  a  grating,  but 
in  the  direction  of  the  rays  passing  through  aud  reflected. 

'Sebnlti-Sellack.  "On  the  chi-mirnl  ami  mcchauical  change  of  the  silver  hftloiil 
ulh  nuder  the  action  of  light."    AnDakn  iler  Physik  uod  Cheniie,  1*3;  page  439. 
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are  fh>ni  tlio  beginning  pure,  though  weak.    The  begiuiiiug  of  the 
action,  therefore,  causes  not  the  same  but  dilfereiit  colors. 

For  a  more  convenient  test  I  caused  to  be  formed  on  a  sensitivu  film 
a  series  of  spectra  with  corresponding  colors  opposite,  but  giving  dif- 
ferent expoenres  to  the  several  impressions.  For  this  purpose  a  shutter 
iras  placed  across  the  slit  and  opened  upward,  Thns,  after  the  close 
of  the  experiment,  one  coold  at  a  glance  observe  the  action  of  the  dif- 
ferently colored  illumination.  It  was  shown  conclusively  in  this  way 
that  the  several  colors  did  not  at  the  beginning  of  the  exposure  give 
rise  to  one  bnt  to  differeut  colors,  which  were  similar  to  the  colors  of 
the  illumination. 

The  following  are  the  observations  of  ProfesBor  Grotrian,  with  a 
plate  prejiared  by  Becquerel's  process; 

Field  1,  One  minute  timnurexpoaiirn.    Trace  of  reil.     Yrllov  anil  t(re<'U  only  iioticeil 
when  fielil  2  i»  ulxi  under  obmrTatioD.     Dine  absent. 

2.  Two  minutes.     Red  stronger;  yellow  and  ^reen  to  lie  rvi'ognized.     Ilhie 

3.  Fonr  minates.     Red,   yellow,  and  green   Htroager.     Illne  Bcarcely  to   lie 

recognized. 

4.  Eight  minateg.     Red.  yellow,  and  green  Htronger.     Rliie  to  lie  reoognizeil. 

5.  Sixteen  minutes.     Red,  yellow,  and  green  stronger.     Blue  still  weak. 

6.  Thirty-two  minutes.    All  colors  stronger. 

The  ocIioD  in  the  ultraviolet  was  tirel^pparent  in  the  second  Held;  hence,  nfter  the 
red. 

Bed  is  here,  the  first  distinctly  visible  color,  and  appears  under  the 
iufloence  of  red  light.  This  must,  therefore,  according  to  Schultz-Sal- 
lack,  be  the  most  ixiwerfnl  acting  color  of  all,  and  at  the  same  time  red 
must  be  the  first  stage  of  the  disintegration  colors.  Other  colors,  or 
lighter  stages  in  the  disintegration  coloring,  can  only  be  caused  iit  first 
by  red  light,  and  red  coloring  mnst  be  the  first  result  of  other  colors  of 
illnmination. 

Observation  shows  the  reverse.  The  other  colors  are  caused  by  other 
colored  illumination,  while  the  red  is  notchanged  by  continued  red  illu- 
mination,  but  on  the  contrary  grows  stronger. 

The  name  experiment  was  performed  with  Scebeck's  and  Toitcviu's 
pUtes  with  the  same  result  Before  the  first  color  to  api>ear  had  elianged 
the  other  colors  appeared  in  their  places. 

Schuttz-Seilack's  explanation  of  the  formation  of  colors  in  the  older 
processes  of  color-photography  by  disintegration  colors  is,  therefore, 
incorrect. 

I  do  not  in  this,  however,  assert  that  the  intensity  of  illumination  is 
without  influence  on  the  color  produced.  Such  an  influence  is  as  a]i]>ar- 
ent  as  in  the  Lippmann  process.'  To  disprove  his  assertion,  it  is  not, 
however,  necessary  to  prove  a  complete  indejiendence  of  the  colors  from 
the  intensity  of  the  light,  but  only  to  show  the  error  in  the  relation 
between  them  which  his  hypothesis  requires. 

'  See  for  example  Krone,  Autiftlen  iler  Phjsili  und  Cheuiie,  46,  p.  4^  VXKi. 

Coof^lc 
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Tlie  colors  of  iodide  of  silver  are,  however,  not  tbose  dne  to  tbin 
tilms,  for  they  change  "when  oue  replaces  the  air  in  the  ititerlying' 
BpaccH  by  water  or  varnish."  It  would  be  consistent  with  this  obser- 
vation to  suppose  that  they  are  caused  by  the  interference  of  light 
passing  through  the  iodide  of  silver  particles  and  that  passing  directly 
through  the  intervening  spaces. 

I  refrain,  however,  for  the  saka  of  brevity,  from  more  thoroughly 
exnmiuing  this  hypothesis.  The  question  at  present  considered  is  this: 
Are  the  methods  of  color  reproduction  in  the  older  processes  of  color 
photography  satisfactorily  explained,  accortling  to  Schaltz-Sellack,  by 
supposing  the  colors  to  be  in  connei|uenee  of  mechanical  disintegra- 
tion of  the  film,  so  that  they  may  be  called  disintegration  colors?  A 
grave  objection  occurs  to  such  an  explanation,  because  they  are  thus 
classed  as  transmission  colors  while  iu  each  of  the  processes  the  colors 
nre  reproduced  in  reflected  light.  Since,  however,  the  disintegration 
colors  do  not  appear  iu  directions  at  an  angle  with  that  of  trausmis- 
sion,  it  follows,  if  they  are  caused  by  interference,  that  reflected  and 
transmitted  light  must  be  complementary  to  each  other,  leaving  out  of 
consideration  tlie  small  absorption  in  the  iodide  of  silver.  I  actually 
found  that  where  a  metallic  yellowish  green  was  seen  in  normal  T 
reflected  light  that  passing  through  was  bluish  violet  and  where  1»J06 
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VI. — The  Peibm  Experiment. 


'JliepriHtn  wart  so  placed  uponoue-balf  of  the  photographed  spectrnm 
t)iut  tlie  line  between  tbe  hypotennse  and  the  aide  face  I  {Qg.  l)cut 
fltriiiliir  cohtr-linea  at  right  angles.  The  eye  of  the  observer  was  placed 
in  the  i>rolongation  of  the  same  surface  I  (the  arrow  indicates  tbo  line 
of  viition)  so  that  a  line  S  drawn,  before  theexperinient,  in  the  direction 
of  a  single  color,  as,  for  example,  the  yellow  appeared  straight  when 
vicwetl  through  the  air  and  prism. 

It  civn  tlion  be  cnlcnlated  what  change  the  color  at  the  line  S  under 
(h»  prism  must  experience  as  compared  with  that  in  the  air  if  the 
colored  image  is  caused  by  stationary  light  waves. 

That  color  appears  in  general  whose  wave  length  is  equal  to  the 
dilT'erenoo  in  path  between  two  rays  reflected  at  two  adjacent  elemen- 
tary mirrors. 


Irt'1  I  and  1 1  in  tig.  ^  bo  two  such  elementary  niirrors  at  a  distance  d 

apart  iii  »  iiietlium  of  an  index  of  t^fractioa  h^     The  rays  are  incident 

in  the  g\>iieral  CASf  at  the  angle  <t  in  an  equilateral  prism  of  index  of 

rt'lViK-lion  Ml  and  a  base  angle  a,,  so  that  the  rays  pass  through  the 

I  at  right  angleti  Iwth  in  entering  and  leaving. 

Ulel  liquid  layer  between   prism  and  photographic 

iiw  on  the  diflereiui'  of  i>ath  between  the  interfering 

ntl  neither  do  the  ph;»se-<-hange3  on  reflection  at  I 

i>x<<e«s  of  diiibtm.'e  of  S..  over  S,  in  the  layer,  and  tti 
■_.  uiitkes  within  tbv  layer  to  the  normal  to  the  mirror. 
exiH'ss  of  S,  over  S .  in  the  prism, 
lie  \tav<>  K'ni;th  in  air  by  1  the  diBitrenoe  in  i>ath 
is  then  miMMintl  in  wave  lengths  as  follows: 
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Hj  Sin  ai, 
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Generally  in  <ibserviDg  the  photographic  Him  oi)e  looks  perpendicu- 
larly apoit  it.    In  this  case  cos  a:  =  1  and 

D  =^^ 

The  difference  in  path  of  the  two  rays  is  a  wave  length  when  D  =  1 
since  D  is  measured  in  wave  leugtha.  The  color  then  appears  whose 
vave  length  is 

Ao  =  2dth ; 
lience  that  which  is  caused  by  the  stationary  wave. 
In  the  general  case  however  D  =  1  ibr  another  wave  length: 

A  =  2dnt  cos  at  =  A,,  cos  »]. 
One  is  thus  able  to  obtain  these  values  by  multiplying  A,,  by  a  factor 

/  =  cos  rtj  =    - . 

The  degree  of  the  color  change  is  thus  determined,  that  is  the  relative 
wave  lengths  of  the  altered  and  the  original  color. 

Let  these  be  designatAd  in  the  case  of  incidence  less  than  45°  in  air 
with/,  in  the  prism  with  J'^. 
(1)  Then  

(2) 

■"   V     -w 

Let  ratio /p//i  be  designated  as/p,.  It  determines  the  color  change  in 
the  experiment  described  in  this  chapter  iu  which  a  part  of  the  colored 
image  is  viewed  through  air,  another  part  through  the  prism.     It  is: 

(3) 


The  equations  (1)  to  (3)  show  also  in  what  ratio  the  wave  lengths  of 
tbe  colors  observed  must  change  if  the  indices  of  refraction  of  the 
pliotographic  film  and  of  the  prism  are  known.  They  can  conversely 
serve  in  the  case/and  n,  satl'er  a  known  change  to  calculate  the  index 
of  refraction  »,  of  the  layer.  Thus,  the  question  may  bo  answered, 
given  a  value  n,,  how  great  an  index  of  refVactinn  the  prism  should 
have  in  order  that  /  shall  have  a  value  maz^edly  different  from  1,  so 
tliat  there  shall  be  a  distinct  color  change.  To  be  sure^  one  could  make 
use  of  greater  angles  of  incidence  than  45°;  but  then  the  reflection 
from  the  upper  surface  of  the  film  might  easily  be  so  strong  as  to 
destroy  the  value  of  the  ex[)eriment.  L   (X^qIc 
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_1lt>r    «tTH    rOLOE     RsPBODnCTlONS   Aftbs 
:     -£tot     '*■■  raKlB  iBTBKFERE^fCB   NATUBE. 

■>    1    :i«   •^^t1UB&  •-bupUK' do  not  reqatre  eicperi- 

v       tiu>  -'Ajr  ~httC  :u  ^  prism  experiment  with  k 

.ivwtr-iiK     V    '.xitpDuuiD'^  interference  method  1 

.11--  r  -  ■■!*«    [ukBUH.     Ln  A  place  where  for  uor- 

■•b.      ::v    -t'lur    i['    tiw  jellow   sodium    tines 

"<*r<t    zirni!^'!  'iitf  prism  appeared  on  the 

— ..  -u     iiii;.  ic  .uH>uc  at  the  place  of  the 

a;i  -    .    aiLawiLns  war*  te»s  than  45<^  aiid 

-..    »  -'..^        ■>«-»i  -vuioaiveJy  the  alreadj-  men- 

.     iu.    b   lu   ui-z'*^  ■>£  iDL'idence  of  45°. 

;.-  ..(.ij     1    ar  nuiiile  iif  die  yellow  on  a 

...  -    -'-i  :.;t  r-.-.ea  '--lewwd  through  the 

vL-.-i      ;ir'.ru-t-i  iA>.-u^  rhe  trard^betweeo 

■ —^j  ■.:<;     r'-ai    y.ai:  :n  7!i«  ■idtUe  of  the 

J.  .li   vi>  lii^iwn  .  >a  :  iif  jnuniLkCy  betweeu 

r  b*-(wv«a  zreen  and  blae 


.  \  actiL  't  1th  boiiioi^ueons  illoKiiiaauo  from  a 
>  II  .1  [i^rL-cittible  in  the  yelVw  iC'  zh^  photo- 
-iii|io[  :ibuiit  !..■>  millimeters  ~)i:v.HlCh,  the 
[■<  [<v  >lijfte(i  about  2.1  milliiiKCvrs  toward 
'(.  :ii.trk  was  undeviiitttd.  Tbi«  rune  id  the 
f  ..[■  st^verul  i}b»erver8.  Tlie  K^^^^cade  of 
i  !u  lie  exai'tly  the  distauce  froas  -ii*  D  to 
l'ix)ui  this  follows r 


■  A,.  ~  «.-»«  " 

wave  length  of  the  reflected  light  the  index 
iMiihto  him  may  be  obtained  by  aabstitntion 
luv  of  H|  =  1.7i3.  Such  ft  compatation  gives 
tto  a  displacement  of  1.2  millimeters  was 
lowed  that /pi  =  0.94  and  «,  =  3.1. 
I'tiou  of  the  film  should  vary  when  they  are 
ly  the  ^auie  conditions  is  obvious,  for  the 
\  dej>euds  on  the  pro|>oi'tion  of  silver  proto- 
iW  in  the  film.  According  to  Chapter  III  the 
y  the  chief  constituent  of  the  film,  ao  that  it 
o  iiide^  of  refraction  aliould  greatly  exceed 
I'hitt  is  by  the  observations  of  Wernicke,' 
Uuprobable  that  the  itides  of  relractioa 
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sfaoald  exceed  3.  lu  Chapter  XI  it  is,  bowever,  sbowD  that  there  are 
other  processes  in  play  wfiicli  would  caaae  a  slight  color  displacement 
ID  the  prism  experiment  with  increasing  intensity  of  light.  The  second 
plate  had,  indeed,  a  stronger  exposure  than  the  first.  Besides  this,  a 
small  absolute  error  in  determining  the  displacement  would  canse  a 
larger  one  in  the  compntation  of  the  relractivo  index.  The  observations 
make  no  claim  to  great  accnracy.  They  were  not  originally  intended 
for  the  measnrement  of  n,,  bat  only  to  show  the  approximate  amonnt 
of  the  color  displacement. 

The  magnitade  of  the  displacement  rendered  it  probable  that  it  coald 
be  observed  iu  air  without  tiie  nse  of  a  prism  by  simply  changing  the 
angle  of  incidence.  Indeed,  in  the  case  of  the  second  plate,  a  shifting 
of  the  middle  of  the  bright  strip  in  the  sodium  flame,  amounting  to  0.36 
m  i  Hi  meter  c,  was  observed  on  changing  the  angle  of  incidence  from  0° 
to  45=',  from  which  it  follows  that/,  =  0.98. 

Bat/i  may  be  calculate*!  from  n,  and  n^  by  equation  (1),  if  one  substi- 
tutes for  »,  the  the  atwve-mentioned  value  3.1.  In  this  way/,  is  found 
to  be  O.OT,  which  agrees  with  the  value  observed  within  the  limits  of 
experimental  error. 

The  possibility  of  the  recognition  of  a  color  change  with  a  wave- 
length relation  0.98  permits  the  determination  of  the  limits  of  the  safe 
application  of  the  prism  experiment.  The  question  arises,  How  great 
the  index  of  refraction  of  a  him  may  be  and  still  permit  the  recognition 
of  interference  colors  in  it  by  the  use  of  a  prism!  If  one  compares  the 
color  at  direct  incidence  iu  air  with  that  at  45°  in  the  prism,  we  have 
substituting  ni  =:  1.75  and  /p  =  0.98  in  equation  (2) :  n^  =  O.i'.  If  the 
comparison  is  restricted  to  45°  incidence  iu  both  air  and  prism,  it 
follows  with /pi  =  0,98  by  equation  (3) :  m,  =  5.2. 

So  far  as  I  know  there  have  been  no  greater  indices  of  refraction 
than  this  observed  for  the  D  line.  That  of  molecular  silver  is,  accord- 
iDg  to  Wernicke,'  based  on  the  computation  of  Drude,'  equal  to  4. 
Checking  his  calculation  by  the  molecular  refraction  from  the  known 
refraction  equivalents  of  a  haloid  and  a  haloid  componiul  of  silver,  a 
value  less  than  3  is  obtained. 

Thus  it  is  possible  by  the  prism  experiment,  for  example,  to  test  the 
assumptioD  recently  made  by  Wernicke,  that  the  colore  of  silver 
observed  by  Carey  Lea  are  only  interference  phenomena  of  molecular 
silver.  With  %  =  4  and  ni  =  1.75,/p  becomes  equal  to  0.95;  and  thus  a 
ulver  plate  appearing  in  air  golden  yellow  (A.  =  u89/j/j)  should  in  the 
prism  look  distinctly  greenish  yellow  (A  =  5G0fjfi).  If  such  a  color 
change  is  not  to  be  observed,  then  a  case  of  body  colors  is  at  hand,  and 
Carey  Lea  was  right  is  assuming  particular  modifications  of  silver. 

Still  more  certainly  can  one  distinguish  between  interference  and 
body  colors  iu  any  chlorine  compounds  intermediate  between  silver 

'Wornicke,  Aimalen  der  Fb; aik  imd  Chemie,  b'2:  page  527,  IftM. 
•  Dmde,  ibid.,  51 :  page  9S,  1894. 
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,  1  >.  1 M""  *«**  (*•<**  •»>>■«■.  Ttis  is  *iMi  li  ^»  RMsuch  for  the  proce- 
,«.,^>.  ,^1  )<^x"*''*^  ^^  nan  W^-i^iuX?  7WBabj•^  to  disdugaish  in  tbe 
.  .^»ot«  ,M  Stx>£ipt<i,.  ^-bnrt-  diitirmt  miptHnKis  ace  also  made  use  of. 

^   R.v  hoi*^  nflt>r  M  w^w-t  nmrsrumr  l  •mm^i-vable  UBproTement  in 
,„.),»•  [0^.v-.vlJr^t^h^  l»>  li"  luiKMBais  3MtrtiuiL    UppBtanD'8  color  repro- 

.(i,u»  Uk^-i-.  i<    i>t  ^an\    ur  a.r;am^  <ii  ctie  poasibilitf  of  fixing 

.,,..;  .*:  ^-^wtv:  weiisiii-p^ws-  "&  l_:!it  i-nxrhixae  of  Becqaerel.  They 
^.^1  itoMAOY.  uifiDc:  r  cas  "Cir  xMtfcs  Are  more  dependput  on  the 
^^L.-'.  .1  \r..-:.jtuii»  ioi,  1  zu-  .eet^iwicy 'tr  tbanvtng  them  in  a  definite 
■wwn  •>  '.^ '>-  ■  '<io-imm'~  .siK'iuM  he  uoiurs  are  changed  so  little 
\t  ;h.'  ua^');-  >  1'-  -inMV  .aai  :z  raa  not  for  :i  long  time  shown  that 
•..' .  .>ii»Hr  H  "1  wuxrr^  uu  -'a»y  lan  be  ubso^ed  in  difi'ase  ligbt. 
'.->•■■'-  it<>^-  /v..;>.k>T  iir- ii^krawteriatKe of  tioOycofaws without  being 
^1    ,        :  t,.  .-.iltt.  :.-;-..uiut7i'Tn9aaooufthebi^iiulexof  refraction 

...n.v  -  ^  -"i  -  -i'<"<ta<.'[iuua  would  share  in  this  advantage,  and 
„  .   .     ....-I-..     ■    _i  iK.e  .■■!•  i..(>y!iit;  on  paper  if  it  were  possible  to 

^„  ■  .-  v-.i    ,....■■•>-•■:<?  _>^.atme  ^iucb  as  to  give  it  a  higher  index  of 

.    ^  -..1,     •  .-y.M-';  ■'   yy  :iomii  other  ttabstance  with  such  an 

„    ,  ...  1,       ...-i.ei,     e  >aid  a  priori  whether  this  is  possible 

.- ...     .     ■«■-.'  JT.  .uiv:uituuiw  of  the  method. 

,^_  >    '  .  Lutt-UexBise  Fuji  tibwed    fboh   ths 

.      c  .-,    ..^    .'Iw't   r'Jit   Tax  biTEKFESXHCE  l^fAIURK  OP  THE 


.  i.':i.kt'(er  II  it  was  necessary  to  separate  the  color- 
■i-i.,-iec»^i  plate  trom  the  silver  backing.  This  was 
,■  ..lUiie  .n;i.-o(Tiing  Dt  the  directions  of  Wernicke.' 
..vtvj.  -iie  i-fuiarkable  pbenomenou  that  the  colors  of 
V  nr.tivted  light  were  very  considerably  displaced 
I.  .>L^;:!U;uly  wben  viewed  from  in  front. 
L..OIS  '«:k$  ^so  somewhat  changed.  Snch  a  change 
D.v^t.'ie  -or  body  colors  and  can  only  be  explained 
t.  L'!iL»  >ib«>rvation  fttrnisfaes,  therefore,  a  second 
ivuve  tiatuK  of  tbe  colors  and  at  the  same  ttmeof 
e>iK.i:^'$  <jxpl:uiation  of  them  by  the  assumption 

t;,:  :i.w-  .iLm  tM«D  observed  with  Lippmaun  plates 
'  :.:i;*ss  and  film  sides.    I  can  not,  however, 

w  uii.'h  I  tonnd  given  for  tbis  as  correct. 
:hi<  uM-vi^i^ary  conseqaences  of  facts  hitherto 

\  <*(rtU*?less  lead  me  too  far  from  the  subject 
.t:^-u«$  this  matter  here.    I  must  reserve  the 

^.nWivatiou. 

ai-i  |-ti.«ukuDdCbemie,30,pago463,  Dfift. 
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IX.— PR18H  Experiment  with  Seebeck'k  and  Poitevin's  Uoloh 
Kbproductions. — First  Prooi'  that  they  are  of  the  Nature 
OF  Body  Coloes. 

The  prism  experiment  with  Seebeck  plates  is  beset  with  diftlcultieB 
»liicb  delayed  the  present  investigation  very  considerably.  The  silver 
chloride  powder  must  be  retained  between  two  ^lass  plates.  It  does 
not  safiice  to  pour  beozeue  between  the  cover  plate  and  the  prism  in 
ordef  to  see  the  colors  through  the  latter,  for  total  reflection  occurs  at 
tliebooiidary  of  the  air  space  between  the  cover  plate  and  the  particles 
of  powder.  The  air  mast  therefore  be  completely  expelled  by  a  liquid 
of  not  too  small  index  of  refraction.  Benzene  was  cboseu  for  this  por- 
lK>ae.  Tlie  introduction  of  the  benzene  could  not,  however,  take  place 
after  the  exposure,  for  it  was  found  impossible  to  do  this  without  alter- 
ing the  iKtsition  of  the  particles  of  {towder.  Hence  the  benzene  was 
lirst  iwured  between  the  plates  and  then  the  powder  was  stuffed  in 
between  them. 

A  square  cornered  metallic  frame  served  to  support  the  whole.  In- 
stead of  glass,  a  mica  plate  about  O.OS  mm.  thick  was  used  on  the 
front  side.  It  was  thus  possible  to  avoid  a  slight  displacement  of  the 
reference  mark  with  respect  to  the  spectrum  in  the  prism  exi>eriment. 

The  presence  of  the  liqoid  did  not  interfere  witli  the  production  of 
the  colors  by  the  action  of  light.  These  came  as  before,  only  more 
quickly,  for  by  absorbing  the  free  chlorine  given  off  the  liquid  made  the 
plate  more  sensitive,  but  this  added  considerably  to  the  difBcnIty  of  the 
prism  experiment,  as  the  observation  required  to  be  quickly  completed 
before  the  action  of  daylight  obliterated  the  spectrum  reproduction. 

The  exi>eriment  was  finally  repeatedly  [lerformed  with  success.  The 
reference  mark  was  drawn  with  a  diamond  in  the  red  and  blackened 
with  soot.  There  was  no  perceptible  displacementof  colors  with  respect 
to  it.  At  the  same  time  it  was  worth  while  to  secure  greater  certainty 
by  a  simple  modification.  For  this  purpose  pure  chloride-of-silver 
powder  was  stirred  up  with  collodion  and  the  mixture  jioured  upon  a 
glass  plate  and  dried.  There  was  thus  obtaiued  a  flbn  in  which  the 
chloride  of  silver  was  retained  by  collodion.  It  was  then  fixed  to  a 
glass  plate.  The  reference  mark  was  made  with  a  lead  jiencil  on  the 
film  itself  and  the  prism  experiment  performed  without  [lossibility  of 
error. 

The  ))Iat«s  in  benzene  conld  not  be  left  long  in  the  daylight.  The 
room  was  therefore  darkened  and  light  was  admitted  through  a  hole 
covered  by  a  double  layer  of  filter  paper.  The  new  process  had,  how- 
ever, the  advantage  that  the  colors  ai)peared  more  distinctly.  Under 
the  prism  they  were,  to  be  sure,  darker;  but  the  result  was  re{>eatedly 
reached  with  certainty  that  no  displacement  of  tlic  colors  in  the  prism 
with  respect  to  those  in  air  occurred  for  an  unbended  refereuce  mark. 

Ho  difference  in  this  respect  was  found  between  the  coarse-grained 
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'ring  on  the  front  surface.     In  transmitted  light  they  appear  in 
"ven  more  distinctly. 

•m  is  a  second  proof  ttiat  the  colum  are  body  colors,  that  is  to  say, 
■m-ed  by  absorption, 

■ijM  observation  has  been  repeatedly  made  by  other  investigators, 
1  have  never  yet  found  the  conclusion  drawn  from  it  with  regard  to 
nature  of  the  colors.  Perhaps  this  is  due  to  a  fimdacnental  error 
li  Zenker,  the  founder  of  the  interference  theory  of  color  photog- 
ly,  made  in  this  connection.  Tu  his  treatise  on  photochromie  fae 
,  on  pa^  81,  in  reference  tu  the  color  reproductions  thioagh  the 
iiition  of  stationary  light  waves: 

■iiiilarly,  it  is  natural  that  the  same  colors  should  appear  by  trans- 

ii'd  light  that  are  observed  by  reflection,  for  since  tbe  transmitted 

it  iscertainly  not  the  direct  continuation  of  the  incident  ray,  but  at 

*t.itt  part  also  experiences  several  retlections,  those  same  colors  must 

•■ponderate  in  it  that  correspond  to  tbe  distances  apart  of  the  |H>int 

.erf,  that  is,  colors  identical  with  those  in  the  ray  ordinarily  reflected. 

By  point  layers  are  meant  the  elementary  mirrors  which  are  formed 

'  the  sensitive  film  by  tbe  action  of  the  stationary  light  waves. 

The  colors,  however,  which  are  due  to  reflections  from  the  elemen- 

iry  mirrors  must  be  complementary  to  the  reflected  colors  at  tbe  8am& 

arts  of  the  plate  as  in  all  pure  interference  colors,  for  they  must 

>gether  make  up  the  incident  white  light.    They  can  indeetl  not  fail 

>t'  this,  for  by  hypothesis  tbey  are  produced  wholly  by  interference  and 

not  by  absorption. 

If  one  inquires  howiu  the  same  diflerence  of  path,  that  is  the  double 
distance  between  two  ueighboring  elementary  mirrors,  different  inter- 
ference colors  can  be  ]>roduceil  iu  reflected  and  transmitted  light,  bo 
forgets  the  phase  changes  occurring  in  reflection.  At  the  same  geomet- 
rical plane  where  a  ray  of  reflected  light  at  the  first  elementary  mirror 
is  thrown  back  iu  passing  into  optically  deimer  or  rarer  parts,  respec- 
tively, the  transmitted  and  twice- reflected  ray  is  thrown  back  in  pass- 
ing into  optically  rarer  or  denser  parts,  respectively,  and  receives, 
therefore,  an  opposite  phase  cbange.  That  at  the  second  mirror  is  in 
both  cases  similar.  Thns  there  remnius  a  phase  diCTerence  of  a  half- 
wave  length,  which  causes  the  complementary  (coloring  of  the  trans- 
mitted light.  There  is  no  change  in  this  relation  with  a  greater  number 
of  reflections.  It  may  be  objected  that  the  ])hase  change  on  reflection 
at  an  elementarymirrormastbethesame,  whichever  side  the  light  falls 
upon  it.  That  is  the  casej  but  it  must  be  remembered  that  tbe  ele- 
mentary mirror  is  not  a  geometrical  plane,  but  a  layer  of  flnite  thick- 
ness. Otherwise  it  could  not,  in  the  absence  of  absorption,  reflect 
light. 

Exactly  this  ot(iection  aids  in  determining  the  phase  change  on 
reflection  at  an  elementary  mirror  and  not  at  a  geometrical  plane 
coincident  with  its  boundary  or  within,  as  was  discussed  above.  Since 
iu  tnCtismitted  light  the  twice-reflecU-d  ray  experiences,  with  referencf 
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"  ■*—''.-/  ■!ir«-tlv,  »  phftM  Rbanf^  of  a  half  wave  lengtb,  and 
-r.  .r  ™-,*i,  ,,/  j^  ,  ^^  <.|MnM«ti*ry  mirron)  it  receives  the  same  pbase 
'-<**     ,*   ih«a»  '-li»n|if^  on  refl«:tioii  at  »n  elementary  mirror  is  one- 

'■  • -T^'j-fli,     In  Miia  tlir  pbaM  cbaoge  is  reckoned  with  refer- 

•-•' '..  r  '  .y  rHlM^fMl  trjthnnt  pbaM  change  from  tbe  plane  at  tlie 
■"•Ml.  .,f  :  ii^  <^l*Tn^nr»ry  mirror. 

1  ii.  rnnir  H>>ovf.  dnwrttted  will  be  dcdoced  in  another  way  in  tbe 
'»Mt«<ti>m  iiimtifinml  on  p*gp  1>L  and  difficalties  and  objectioDB 
•T.«„n,iiflrH  v»lll  i*\m>  be  discaaaed. 

All  tltM  ltMi|itiitlif«niiaiilcoBcCff«s tbe cjoe when tbere  Is  ooabsorp- 
"•n  .-(nplt  »  ctum  Is  fbniii«bcd  bT  Ibe  cbiw-pelatio  proeees  of 
i  ■•!>T>m(t*in,'  ID  whirli  the  traanmntud  wiiica.  ;are <wple»entary  to  those 

^'  li*n  ia>iinrr>tinn  In  preseal  il  v«alt£  inHUk^lr  W  decisive  in  the  esse 
•<r  I rammtitt^^  liffht,  becaoae  wwchfWnpitHniwUtanr  irmasmissioa oaiar.  a* 

■  ■•   :i>A  iTnlnrn  of  tliin  pUlc«,  mmst  mitu-uiL  nmcb  white  licht  aad  fae 

■  ItT^fnre  f»i»r. 

riitiN  Krone'  wan  able  toohetite  tftUjr  ^e<aagact(gislac  M)«r«rf'  Ae 
liri^r^l.Ttate  foniiMl  by  ileTv^upaeBt  ta  Lq^oaaaii'^  bakud-SLlvBr  ^ilaner 
iiv  '  nuimnit.t^  liffht.  aiid  1  baw  Miy^f  wadet^  same  ohasrvMCiHs. 
l.ippina)in  liimMitlf  nayn  that  iu  tw«>  $itYvr  bfv«ude-albiimiii  7ilia(»  1* 
'tl>MerT<><t  complementary  colors  trwiaauned.'  Vitt  abaoriaioL  mun  nt 
*  liiM  <-juw  liavp  been  very  Bli):ht. 

\Vli«n>  Mie  Mune  colors  apitear  by  tr«asm:tMd  ae  by  jBttMnui  liftUL 
iiiPMe  '-.an  not  be  doe  to  int«r(tereiH.'«,  bat  mast  be  caaeed  br  ataaormtiai. 
<:iinvftrM*l7,alMnrption,wbeii  it  Uiiot  ttwsnvatcV-ifbnwmiraiei'tiWna. 
jnnat  Minw  rbe  Aame  colors  by  traosuitt^d  as  Vy  ?eflseted  lijAi.  Ar  tii» 
!«  ofithiug  hat  doobly  transmitted  ligbt. 

We  bavM  tbos  a  secoad  proof  th»ttbe«*>rs  in  Seeheet^sjia.  V«ta- 
nn^  proeeases  are  body  oolors. 

SX~Thb    Coopkeation  op  Bom-  0"r"»  t-**  Bw)OTi»t* 

' '"*■'  '~  "  ...v    ■-  V'u.U  l>v  astODtKioa;.  f 

<,.i^L,\i   iltuniiuatin;  jni 
-.^    .*tUM.si  tdtuitiiiai.  uifi 

,  LI. .'  '.     It.bu  ijb<Kie  Ixitj  y  ttcMS 

.»,  .Ksi  'viita:  woold  bi'wat 
.-i^uluvv- ol  «Kicb  tbe  [*!»■ 
.■  u  iiv  vibi)W.kw  nodes  n:  ih*- 
\iu  "tj  It-routj'  witli  Liigmwi'* 


■i,  oditad  by  Valoat^ 
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process.  Sufficiently  overexposed  portions  of  the  si>ectniin  were  white. 
Becqtierel '  himself  says  of  his  process  that  the  dtflerences  of  color  dis- 
appear vith  prolonged  expo8ar& 

I  have,  tberefore,  exposed  a  fiecqaerel  plau  twenty  hoars,  and  a  sec- 
ond thirty  boors,  to  illnmioation  by  the  spectmin.  The  prism  experi- 
ment then  gave,  with  the  first,  a  slight  color  displacement;  bat  with  the 
second  the  displacement  was  hardly  noticeable.  At  the  same  time  the 
colors  were  very  indistinct  nnder  the  prism. 

A  more  thorough  demoiistration  of  body  colors  was  to  be  expected 
in  examining  the  color-bearing  film  by  transmitted  light.  The  film 
was  for  this^nrpose  removed  from  the  silver  backing  (see  p.  OH). 
There  then  appeared  in  reality,  by  transmitted  light,  red  and  a  trace  of 
bine  in  the  proper  places,  the  latter,  however,  being  in  the  first  plate 
more  of  a  grayish  blae,  and  in  the  second  of  a  violetbloe  tone. 

It  was,  however,  to  be  expected  that  interference  colors  would  exert 
adistorbing  action.  Hence,  the  side  which  had  been  next  liie  silver, 
and  which  showed  brilliant  interfereoce  colors  by  reflected  light,  was 
mbbed  with  a  leather  pad  till  these  colors  were  fotnter.  The  red,  in 
particular,  was  now  transmitted  much  more  strongly,  bat  it  wan  no 
more  a  spectrnm  red  than  in  Seebeck's  process.  The  same  was  to  be 
observed  in  a  film  exposed  only  three  quarters  of  an  hoar,  but  less 
(lifitinctly. 

These  experiments  show,  therefore,  that  in  Becqnerel's  plates,  also, 
liody  colors  are  produced  and  cooperate  to  a  greater  extent  the  longer 
the  exposure  is  continued. 

XII.— The  Tbbobetioal  Basis  op  a  Method  of  Oolob  1'hotog- 
BAPHY  WITH  Body  Golobs. 

In  order  that  a  substance  sensitive  to  light  can  be  chemically  changed 
by  the  action  of  an;  kiad  of  light  it  must  aosorb  it.  The  coiiverxe 
proposition  is  not  general.  The  absorbed  light  can,  for  example,  be 
exclusively  transformed  into  heat.  A  distinction  is  therefore  wade 
between  thermal  and  chemical  absorption  of  light. 

For  the  sake  of  simplicity  of  expression  I  shall  designate  as  a  legn- 
larly  absorbing  light- sensitive  sabstance  one  which  is  sensitive  to  all 
colors  which  it  absorbs,  and  is  affected  by  each  color  in  proportion  to 
the  capacity  for  absorption.  That  there  are  such  substances,  nt  least 
tnaconsiderable  degree  of  approximation,  is  known.  Upon  their  exist- 
ence is  based  the  important  law  of  optical  sensitizers  established  by 
H.  W.  Vogel.' 


'  Berqaerel.    La  LniDlere  2,  p.  222, 1868. 

'The  maximnin  of  B«nBitiv«ne«s  is,  with  respect  to  tbo  absorption  Riaxiniuin,  tli'is 
far  continually  fonnd  to  be  dJHplaced  toward  the  IcM  Titfraogibie  end  of  tbe  upvctnim. 
The  digplaceoient  of  Ibeae  maiimu  on  the  aaine  p1at«B  ban  been  iDvi?Htigat«<l  for  a 
great  number  of  Beusitizere  by  J.  J.  Acwurtb  (Annal.  der  Phy<«.  iind  Cliem.,  4'.',  )i. 
JTI,  1891).  He  Gilds  not  only  great  but  nlso  very  small  diepIacementH.  It  is,  thuu, 
not  impossible  tbat  there  may  bu  cnlur  substances  In  which  the  displacement  is  not 
ootiecftble  for  the  pnrpase  nnder  consideration. 
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It  is  conceivable  that  tlie  regularly  absorbing  ligbt-sensitive  sab- 
stance  may  be  decomposed  by  the  action  of  light  to  form  colored 
substances  also  regularly  absorbing  and  light-sensitive. 

I  will  designate  as  a  color-receptive  substance  a  black  regularly 
iibsorbing  light-eensitive  sabstati<-e,  whose  products  of  decomposition 
consist  only  of  monochromatic  regularly  absorbing  light-sensitive  sub- 
stances of  at  least  three  radically  diftierent  colors,  and,  besides  these,  of 
a  white  substance  which,  however,  is  the  least  readily  formed.  These 
colors  must  be  radically  different  iu  order  that  by  their  mixture  with 
one  another  and  with  white  all  compound  colors  may  be  i>o8sible.  In 
distinction  from  these  compound  colors  the  unmixed  colors  will  becalUni 
gronud  colors.  The  roonochromiitic  substances  reflect  only  one  color 
well.  They  must  absorb  the  others  the  more  completely  the  more  they 
differ  fmm  them.  With  these  preliminaries  it  may  be  shown  that  a  color- 
receptive  substance  reproduces  the  color  of  the  illuniiuation  correctly. 

First,  let  the  color  of  illumination  agree  with  a  ground  color.  It 
will  be  absorbed  by  the  black  body  aud  produces  a  decomposition 
substance  which,  by  hyi>othesis,  is  regularly  absorbing  and  ligbt-sen- 
sitive.  In  this  decomposition  different  colored  substances  are  formed. 
Those  not  agreeing  in  color  with  the  incident  light,  absorb  it,  since,  by 
the  b>i>othesis,  they  are  mouocfaromatiu,  and  must  absorb  all  ilia- 
minatton  different  from  their  color.  Since  these  are  regularly  absorb- 
ing light-sensilive  substances,  they  are  also  decomposed  by  the  li^bt 
which  they  absorb.  On  the  other  hand,  the  substance  of  ihe  sikme 
color  as  the  incident  light  is  not  decomposed,  since  it  does  not  absorb. 
In  the  end,  therefore,  it  alone  can  remain  in  company  with  the  white 
substance.  The  amount  of  the  latter  is,  by  hypothesis,  very  slight, 
and  its  effect  upon  the  color  is  therefore  noticeable  only  under  strong 
i  nomination. 

Where  the  color  of  fhe  illumination  differs  ftx>m  that  of  a  ground 
color,  but  is  intermediate  betneen  two  ground  colors — as  wonld,  for 
example,  be  the  case  with  green,  were  yellow  and  blue  gronnd  colors — 
the  colored  substances  would  suffer  lea.'it  decomposition  which  reflect 
green  best,  that  is,  the  yellow  and  blue.  A  green  mixture  would  thus 
arise  besides  the  small  quantity  of  white. 

In  white  light  all  the  color  substances  would  be  decom|)osed,  leaving 
white  alone. 

In  the  absence  of  illumination,  the  substance  would  remain  black, 

Jt  may  thus  be  seen  that  nil  colors  would  be  correctly  reproduced. 
The  duration  or  intensity  of  the  e\|Misure  must,  however,  he  properly 
limited;  for,  if  carried  too  far,  white  would  begin  to  predominate,  and 
the  colors  must  gradually  be  extinguished. 

It  is  iKtssible  that  a  light-sensitive  substance  should  have  only  par- 
tially oAlar-receptive  qualities.  Such  an  one  would  reproduce  colors 
1*-  If  the  substance  is  not  black,  then  black  could  not  be 

If  not  a  regularly  absorbing  light-sensitive  sabstaucv,  it 
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iroald  remain  anofaaiiged  for  some  color  which  it  absorbs,  and  hence 
laii  not  reproduce  this.  If  the  groaud  colors  are  not  monochromatic, 
(lie  monochromatic  illumination  which  sucli  an  one  reflects  would  either 
be  mainly  incorrect  or  inaccurate  in  tone.  Such  an  error  is  introduced, 
iilno,  if  the  products  of  decomposition  are  not  regularly  absorbing  and 
liglit-sensitiTe.  Finally,  if  less  than  three  products  of  decomposition 
result,  or  if  their  colors  are  not  radically  different,  not  till  colors  can  be 
reproduced.  This  remark  has  reference,a]8o,  to  the  white  product  of 
decomposition.     In  Jts  absence  white  can  not  be  reproduced. 

In  spite  of  all  such  deviations,  any  light-sensitive  substance  wbicli 
yields  colorwl  decomi>o8itioii  products  will  reproduce  colors  to  a  certain 
extent;  for  the  colored  illumination  will  leave  similarly  colored  coni- 
poniids  unaltered,  since  they  reflect  the  light,  and  will,  on  the  other 
liand,  decompose  other  colored  substances  more  readily,  since  tbey 
absorb  it. 

It  will  be  thought  that  the  properties  of  a  color- receptive  snbBtauce 
Hre  very  complicated  and  difBcnlt  to  attain.  Nevertheless,  this  com- 
]ilicntion  is  afforded  by  known  natural  processes.  It  is,  however,  not 
necessary,  for  if  it  is  sought  to  attain  color  photography  by  body  colors 
ill  tfae  nimplest  way,  it  is  possible  to  make  a  selection  of  the  absorbed 
light  which  produces  decomposition.  I  will  return  to  this  in  Ohapter 
XIV. 

XIII. — Explanation  of  the  Color  Reproddction  in  Seeb&gk's 

AND  POITETIN'8  PrOCBBSEB. 

The  color  reproduction  is  explained  by  the  lact  that  the  light-sensi- 
tive substances  used  possess  to  a  certain  degree  of  a[>proximation  the 
qualities  of  alight-receptive  substance;  not  completely,  for  the  color 
reproduction  is  not  complete. 

The  first  deviation  consists  in  that  the  light-sensitive  substance  is 
not  black,  but  in  Seebeck^s  process  dark  violet  to  gray  violet,  in  Poite- 
vin's  a  dark  gray  violet  to  gray  brown.  Black  can  therefore  not  be 
reproduced,  and  in  its  place  occur  the  above-mentioned  dark  hues. 
Nevertheless,  these  substances  share  with  black  the  characteristic  that 
tbey  absorb  all  visible  rays  to  a  certain  measure  and  are  light  sensitive 
to  all.  The  products  of  decomposition  are,  as  remarked  in  Chapter  I, 
Huhstances  of  different  colors.  Tbey  must  be,  according  to  the  results 
of  Carey  Lea  and  Krone,  either  very  numerous  or  very  different  in 
uolor.  But  they  are  not  absolutely  monochromatic,  and  in  this  is  to  be 
found  the  reason  wliy  the  reproduction  of  color  tones  is  partially  incor- 
rect   (See  Chapter  IV.) 

A  white  product  of  decomposition  is  not  ])resentin  Scebeck's  process, 
hence  white  can  not  be  thus  reproduced. 

Ill  Poiteviu's  process  white  can  bo  reproduced.  The  tendency  to  the 
production  of  vbite  is,  however,  less  than  that  for  the  other  deeompo- 
sitton  products,  and  the  colors  are  made  pale  only  after  long  exposure. 
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It  remnliiA  now  to  see  for  each  of  thei<e  processes  wbrtb^  tb«  deeom- 
IKMJtioii  proiliK-.ts  nre  regnlarly  absorbing  ligbt-scDsitiTe  sobstanoes. 
That  thlH  is  the  catte  only  in  a  measare  is  shown  by  th«  degree  of 
acounwy  of  the  w»Ior  n-prodnction. 

In  Seebwk's  prot'esa  the  red  is  the  most  distinct.  In  order  that  it 
{'Hii  Im>  protlai'ed  with  reil  illniniDatioii  all  the  other  decomposition  <-oI- 
(U'M  aiUMt  txt  red  sensitive  so  that  they  may  be  decomposed  *by  red. 
This  !)•  theiiuHtt. 

Ah  a  twt  tlie  n-Mult  of  an  exposore  to  illnmiDation  by  the  spectrnm 
wuM  tnruwl  In  ItH  plane  through  90°  so  that  each  color  of  the  picture 
wan  «Y|Hiiwd  to  the  ilhimination  of  the  whole  spectram.  The  reil  of 
tl>i>  fli'Ht  vi\|KMure  was  the  only  color  remaining  unchanged  under  tho 
n-i\  of  tti»  iMH!«>iid  cxpoHure.  All  the  other  colors  were  destroyed  and 
thv  plat»  t4K>k  ou  a  red  coloring  to  the  borders  of  the  ultra  violet. 

Tliti  otlitT  M>lorH  Itehaved  similarly,  but  as  they  were  not  so  well 
nmt  l^tnl  itn  the  rod  after  the  first  exposure,  so  after  the  second  they 
wi'i'«tovi<n  httH  distinct.  It  may,  however,  be  said  that  the  red  )iro- 
diit'Wl  h,v  till)  flrst  exiHisnre  was  destroyed  by  the  green  and  blae  of 
tlio  •ttMHiiitl,  t)ioi));h  the  lightening  up  of  the  ground  tone  in  conue^rtion 
v^  II  h  tl>o  xw\  MtitI  remained.  This  agrees  with  the  experiment  of  Carey 
I  o>i,  uit'iitlune*!  on  pago  172.  The  green  of  the  first  was  destroyed  by 
th(>  hitui  »»  woll  at)  by  the  red  of  the  second.  The  blue  of  the  secoud 
ii\|iiMiitv  ikxlniyed,  therefore,  both  the  red  and  green  resulting  from 
ltit>  lli'«l.  VioU«t  oouUl  naturally  do  the  same,  as  blue  is  prodnccil 
\\\>H\  (lii>  vtiilot  tlitmnd  color.  Since  now  yellow  is  scarcely  at  all  repro- 
(|i>vi'd  III  Ihit  prtH-4>ss,  the  formation  of  blue  by  tho  action  of  blue  light 
<M  t  \|kltilii4Hl  tiitui  the  fact  that  it  is  able  to  alter  all  other  decouiimsi- 
Mi'O  tiii'diiclM,     Ithie  is,  indeed,  after  red,  the  most  satisfactorily  repro- 

0>Mld 

tv  I'i'llrvlii'it  pitHHviH  the  colors  are  better  marked,  and  the  esperi- 

U'V't  It  Mh  viomhI  KiHH'tra  was  therefore  more  satisfactorily  iierforme*!. 

|i.  I'Oii  t>M>ctlitivnt  till*  exposures  were  each  oontiuned  a  half  hour. 

Ill .  |i>li'i«  iif  llit>  lU'Mt  pictuTe  remained, as  was  exjiected,  unchang^ 

„ii  M'ttii'  4xiiiiM<titiirH  ft«lt  »i>on  them  in  the  second  exposare.     Under 

liii'M.il    ii.li'M'd   lllumlniition   tliey  were  changed  according  to  tho 

.1.    .1  ,itiii'<>  I'l  I'l-  llt>liMtp''i'l  in  the  following  mauner:  The  red  in  the 

ii,   I  ,.i  u\n'  w-it  In  (lir  yellow  of  the  second  illumination  yellow,  and 

,..  I  I  il.is  iill>»'i  kimU  (>rilhiutiiiation  corr&siH>ndingly  altered. 

)i,     ,i.lli'.t   t-r  ill*'  Hv^I  piotnre  was  unchanged  by  the  red  of  the 

,,  I  ti>iii>ii».tlii>tt,  tt«k'«  cltMtigMl  a  little  by  the  green,  was  greenish 

.     I  >.    t.iLi...  .tiMl  H>n  m  th*'  vioh«t  destroyed. 

I  >'  I.'  ■•"  111  Hni  lli»t  plotui'e  was  changed  to  red  under  the  red  of 
,1  ,,..\  iHiiiiiiuatioit,  W'HH  yellow  Hiuler  yellow,  and  remained  ud- 

,,      .  ^(  m.i'i  i.hi*.  .Kut  violcl, 

k  u>k>  111  jI  |iii'(iiit>  wa'i  iiKidc  nil  under  the  red  of  the 
i.iiixi  \»>li*'"  ximUr  jellow.  gitt'u  under  green,  and  was 
li.  ,,.,1  ,nnt,l.t«l.fi\ 
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The  dark  violet  wliich  was  prodaced  by  the  violet  of  tbo  first  illnmi- 
nadoD  vaa  made  red  b;  the  red  of  the  secood,  and  ander  other  colors 
took  oa  a  rather  iiidietinct  color,  which,  however,  inclined  toward 
theirs. 

In  general,  then,  each  colored  aabatance  remained  nnchanged  ander 
similar  iUomination  and  was  nnder  different  illamination  altered  or 
destroyed.  An  exception  to  this  rule  occnrred  in  the  caee  of  the  yellow, 
or  rather  orange,  as  the  color  prodnced  by  pare  yellow  illnmiuation 
appeared  of  a  more  orange  color  (Bee  page  177).  This  color  was  not 
changed  by  the  UlumiDatioa  of  the  neighboring  red  and  green,  and 
woB  not  easily  altered  by  the  bine,  since  in  this  case  the  mixed  color, 
green,  resnlted. 

These  facts  wonld  contradict  the  explanation  of  the  color  reprodnction 
given  if  there  were  not  a  caase  for  failure  which  jnstifles  the  explana- 
tion; if,  namely,  the  oraage  colored  sabstance  is  not  completely  light- 
sensitive  for  red  and  green  it  can  exist  at  the  same  time  with  red  ander 
red  and  with  greeu  nnder  green  illumination,  without  being  again 
decomposed.  If,  however,  this  sabstance  ia  the  more  stable  ander  the 
action  of  light,  it  will  finally  gain  the  ascendancy,  and  this  was  in  fact 
observed. 

The  originally  narrow  orange  yellow  strip  broadened  out  in  both 
directions  with  increasing  duration  of  exposure.  Its  breadth  was,  for 
example,  in  a  field  exposed  24  minutes  about  1  millimeter  and  in  one 
exposed  five  times  as  long  3  millimeters.  This  broadening  was  in  some 
experiments  more  conaiderable  toward  the  red  than  toward  the  blue 
part  of  the  Bpectriim.  In  other  experiments  this  appeared  not  to  be 
ttie  case.  This  may  have  been  due  to  slight  differences  in  the  method 
of  preparation  of  the  aensitive  film. 

The  fact  that  this  displacement  takes  place  agrees  well  with  the  fol- 
lowing phenomenon.  An  exact  investigation  showed,  namely,  that  in 
short  ex posores,  for  example  4  mtuutes,  a  red  and  not  a  yellow  color 
resnite  from  illumination  with  sodium  light,  which  gradually  takes  on 
the  orange  coloring.  It  therefore  appears  that  the  yellow  substance  ia 
a  product  of  the  decomposition  of  the  red.  This  process  mast  be 
explained  chemically,  and  need  be  taken  in  consideration  in  the  present 
investigation  only  as  explaining  the  one-sided  displacement  of  the 
orange  yellow  strip  with  increasing  time  of  exposure.  For,  in  uccord- 
ance  with  what  has  been  said,  the  red  preliminary  product  would  more 
readily  be  prodaced  by  red  than  by  green  illumination. 

It  mast  be  observed  that  the  deviations  of  the  charai-teristics  of  the 
photographic  aabstances  in  use  from  those  of  color- receptive  sub- 
stances lead  to  deviations  from  a  correct  reproduction  of  colore.  For 
that  color  in  Poitevin's  process,  however,  which  with  prolonged  expo- 
sure ia  conttnnally  correctly  reproduced — namely,  orange  yellow — the 
conditions  are  fnlfllled.  All  other  colored  substances  produced  are 
sensitive  to  orange-yellow  light,  and  are  decomposed  by  it.  ^ 

8M96 13  Google 
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The  color  reproduction  by  tUo  sabatances  used  by  Seebeck  and  Poi- 
tevia  and  the  degree  of  its  accnracyare  therefore  explaiued  by  the  fact 
tbat  they  poasess  the  characteristicB  of  a  color-seositive  substance  as 
approximately  as  is  required  by  the  degree  of  accuracy  of  the  color 
r^rodnction. 

XIV. — The  Standing  of  Coloe  Photooeapht  with  Body  Colobs 

WITH   BBFEBENCE  TO  THE  CoLOR  PRINTING  AND  IHTBEFEKBNCB 

PEOCEssEa — Possibility  op  the  Peefection  of  Coloe  Pho- 
tooeapht. 

Color  photography  with  the  aid  of  color-receptive  substauMa  will  be 
here  distinguished  as  body-color  photography. 

It  resembles  the  process  recently  worked  out  by  H.  W.  A'ogel '  of 
color  printing  ia  so  far  that  the  colors  in  both  cases  are  reproduced  by 
body  colurH.  Both  methods  require  also  the  preseuce  of  regularly 
absorbing  light-sensitive  substances,  which  admit  of  the  application  of 
the  Vogel  fundamental  law  of  optical  sensitizers.  Progress  iu  the  dis- 
covery of  Biich  substances  will  be  advantageoos  for  both  processes. 

The  methods  employing  body  colors  lend  themselves  the  more 
readily  to  reproduction  of  pictures,  since  the  colors  appear  by  trans- 
mitted light.  Foi'  this  purpose  it  would  be  necessary  to  use  transpar- 
ent i)lates,  such  as  have  been  of  late  employed  by  Teress, '  The  color- 
printing  process  uaturally  has  the  advantage  over  all  others  in  the 
capacity  for  reproductions.  But  the  method  employing  body  colors  is 
at  least  superior  to  the  interference  process  in  this  respect. 

This  method  more  resembles  the  interference  process,  however,  in 
that  the  colors  are  directly  produced  by  the  illumination.  Since  the 
resulting  colors  are,  moreover,  not  apparent,  but  real  body  colors  this 
process  may  perhaps  bo  looked  upon  as  promising  the  ideal  of  color 
photography.  Its  results  are,  to  be  sure,  at  present  fur  removed  from 
the  ideal,  but  perhaps  this  will  be  otherwise  after  the  recognition  of 
the  foundation  upon  which  the  process  rests. 

The  Seebeuk  and  Poiteviu  processes  choose  a  roundabout  way. 
The  jiroperties  of  a  color- receptive  snbstiiuce  are  very  complicated. 
But  after  it  is  shown  that  such  a  substance  reproduces  colors  correctly 
one  can  conversely  base  his  considerations  on  the  capacity  for  correct 
colorreproductiou,  and  pursue  the  inquiry,  What  are  the  simplest  char- 
acteristics which  are  required  for  this  pur^KiseT 

I  believe  tbat  these  are  to  be  found  iu  a  bhwik  mixture  of  three  regu- 
larly absorbing  light-sensitive  substances  which  decomjiose  with  the 
formation  of  white  products.  To  be  sure,  however,  the  greatest  variety 
in  this  process  is  conceivable. 

There  are  different  ways  which  may  be  imagined  in  which  fixing 


I  Verb,  rter  pliys.  Ges.  t..  Berlin.    Aim. 
'  lj«e  Elder's  Jubibnch  fUr  Pbotogtapl 
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can  be  secnred.  It  appears  not  impossible  that  the  color  sobstances 
produced  should  by  chemical  action  be  converted  into  aimilarly  colored 
stable  sabstances,  or  by  a  euitable  addition  be  protected  from  decompo- 
aHoa.  A  case  of  the  latter  kind  is  mentioned  by  Otto  N.  Witt  in  a 
very  excellent  memoir,' 

There  are,  be  saya,  fading  dyes — that  ia,  light-aenaitiTe  Bubstances — 
m  threads  vfaich  are  made  laetiogby  saturating  the  thread  with  copper 
salts.  According  to  Witt's  hypothesis  thcBe  copper  salts  have  no  infln- 
ence  on  the  dyes,  but  on  account  of  their  easier  decomposition  absorb 
the  light  energy  aud  make  it  harmless  to  the  colors. 

It  is  also  conceivable  that  the  photographic  film  might  be  made  light 
sensitive  by  the  addition  of  other  substances  and  again  become  insen- 
sitive after  their  withdrawal.  It  may  be  asked  what  object  there  is 
in  seekiug  for  new  processes  when  excellent  ones  are  already  at  hand. 
Experience,  however,  shows  that  where  there  are  different  solutions  of 
a  technical  problem  it  is  seldom  that  any  one  supersedes  all  the  others. 
Each  retains  that  province  for  which  it  seems  best  adapted.  And  if 
the  body-color  processes  are  at  present  the  most  incomplete,  the  future 
investigators  can  not  now  be  told  within  what  limits  these  imperfec- 
tions shall  remain  any  more  than  future  generations  can  be  informed 
within  what  bounds  their  knowledge  will  be  included,  as  is  esanipled 
by  those  who  in  times  past  have  thought  to  determine  such  limits. 

XV,— Mechanical  Coloe  Adaptation  in  Natuee, 

A  far-reaching  influence  has  been  already  ascribed  to  light  in  the 
production  of  the  colors  of  nature,'  not  only  in  plants,  whose  green  is 
attributed  to  the  action  of  light  by  all,  but  also  in  anirauls.  Such  a 
direct  inflnence  is,  however,  generally  denied,  or  at  least  only  recog- 
nized in  a  restricted  way,  most  scientists,  with  Darwin,  attribatiiig  the 
coloring  of  animals  to  the  action  of  natural  and  generic  selection. 

'Otto  N.  Witt,  "Ueber  Farben  nnd  Fiirben.  Eine  Studie  Uber  EuerginverwaDd- 
Inng."  Vorlr.  geh.  bei  Oelegenheit  dos  VI.  deutooh.  Fiirbertagea.  Prometlieaa,  pp. 
625,641.  1894.  H6  remarks  vety  sigaiBcnntl;  that  theory  anil  praolkehave  ceaaed 
to  be  strangers  to  each  other,  siooo  each  theoretical  advanre  is  followed  by  one  ia 
pnctiee.  This  ie  certainty  true  of  the  development  of  color  photography,  and  it  is 
to  be  hoped  in  the  case  at  bnud.  I  oaa  not,  however,  leave  uaohallenged  one  etate- 
ment  of  the  author,  namely,  hia  awamptioD  that  the  ohoiniral  action  of  the  lopg 
waveleDgtlis  is  possible  only  by  their  cod  version,  after  abaorptiun,  into  Hhort  waves. 
Oae  might  with  eiinol  joHtico  say  that  the  heiiting  effects  of  short  wnve-lcngth 
radiations  are  to  be  ozplaioed  by  their  preliminary  conterHion  i[it<i  timg.  The 
natare  of  the  action  of  light  is,  hoirovet,  determined,  not  by  tlie  wave  [eogtha,  but 
bj  the  cUaractcristios  of  the  receiving  substance.  My  esperiuiontA  with  stationary 
light  vavoH  show  that  the  chemical  action  is  caused  by  ludnelling  electric  forces, 
and  thaee  are,  of  course,  independent  of  tlie  wave  lengtli.  They  can,  according  to 
the  nature  of  the  reoeptive  enbstance,  produce  either  decomposition  or  healing,  JuhI 
aa  the  electrical  energy  of  a  constant  cairent  may  produce  decomposition  ofeleclro- 
lytea  or  heat  in  a  metallio  oondnctor. 

■See  Karl  Semper,  t)ie  natUrlichen  Existoazbediugnugeu  dur  Thiere,  Leipzig,  F. 
teoeUisDS,  1880,  page  lOT.  CcXIqIc 


|'!Ht  coL(»  PHoro^urvT. 

\V!th<iMtt  vswtmttivtinip  tk»  Tritm.  Semaer-  has  btel}-  nuintained 
\ht,i  iHf*  ie\)4MMti<«  U  Mt  tmrn^Atm.^  ^m,  far  example,  the  first 
itV^-imnMvtt  «f  vttltvitt^  MitWT  a  'dw  <itn«i_t^  «f  aa  uumal  is  anex- 
^N|»":''«>*k  Thtji  wart.  CMU  rf  «Kc».  »s  :;««■ »  colors  which  are  to 
V«<>  tv«iiW\l'Mt  »»  iW  niiiifrt.Aaa.-s  (ihgacaBrwar  »f  the  chemical  oom- 
^■««vi»  ty>sl(M«4  Vt  T^tt  nrpBniacMB^  Ji  iiv..  ra  the  other  faaod,  ref- 
<wvM\'ii>  IM  ct(«  fimm^  iMii.  of  auir  iOwkivl  m  "?— '^  which  live  in 

?«i<«*».y«- ■  aiiR^  V^mrc-  ■.—ni't  iiw iim-  tumnn 3i  icrms  of  life  which 
tw  At  tW  >«aiF  nf  Twvtil^  OMarmt^v^at  tuam.  ^him  simply  as  a 
-f*."?.  ft^ni  tiMi  I  fsit  ^RCi'  anuttL  ecikaaiaciiii^  Eimer*  r^ards  as 
%->^  .-^ftvws  ft-  ^bc^w-  ^sraiuu-  tiH  lui'i^ittt.  uiL  :-jub£k^  changes  which 
«?« t^'^'Miplr  to>ww-  't>-  IM^  aKtiM  n-  cctKnir  randiaKK  «■  living  beiags. 
?!<•  »T■:^wi■^  u   U(^  a-r.'H.  «■  ii:nr  s  nrnsaaeacot  indnaice  on  the 

I-  sri-l  ■^'>i..i<i— ^r.*.rt-i«».'*r.im^  nfiumuuL  n5iAivG>ral«ooeeption8, 
"'■>.  rt'Ti'in,.  r?*-  r*,r"U  "Tiwstwm-  n:  lu.  •pphlI  with  the  simal- 
•n^'  -  ot.HT.r'it-' •^"  '"•»•  '■  "WCTaffi  !!■  aiBMi^tuikal  explana- 
'.-"  T-  ->^,--  TIX4'.  'K-w-i  tT.it.. •»"(l»«mi|niiBhefl  as  Etatical,  and 
<«"»-.-„<,  t*.  «-.-«  -.-11.-V-  iioK.r.oi  T:ta.  3t¥"^  t«  it  that  the 
."^•n    ,     •,„»•..  1..-- >  ■  t«     L-lnBi':  ' iimiry  iif  gBfiBE  l«ars to  the 

.  -  ■"  .    >■ ^..i^-Av .  rm  iiiuLiou  'iiiaiit  Mspantfe  mtdecnles. 

i-^.^,^.  -  -  ,  -  ,  -,»-^.T-*  I  I  uh  cww  GOMis  i(k  Imwever.  different 
--v.-  -  -r  -  ,.  -  ■->,  -  ,  .-i««f-umuvu  .Id  ;t  wliolfi,  w-jiile  IB  satore  it  is 
-  "  -  ..  ^r.  -  ,— ^  ~'i  :tiw>  theite  iBnan^  fibnovatioDs  to 
_  -I  .  .  .,  .-..  •  ■'  vji.iu.kciuu  (U>  iiMt  exciiii6t eacA  other,  but 
.      ,1    ,  -  .       _,.;(iit).iiacy. 

i  -  s«;».>iL*uti«jut  of  the  ilirecc  jmaiut  <if  light  on 
pikTliviilar  atten[iuQ.  iSaui  aa  action 
d  t'ur  (.-aterpillara  and  'iiinaa^Sy  papiF. 
U  '^  in  the  year  1867.  The  raCnpiUars 
i;;ht  into  the  sansiiine  .uiil  fsxTOuncled 
Dok  the  color  of  these  '^iirrwidiiigs. 
)t'  pap:e  and  c»ter^'.:a9  '•»  has  lately 
ily  thfM^n^b  and  caidkl  «xp<rim«ital 
liton.' 


Kui.  Sr  ..  po-W?  !»-li)I.  ISFT.  Cited  by  E.  R  Poolton.  "  The 
1  .HLiuu.  Ke^:u  FanL  Treneh,  Triibner  kod  Co.,  ISBO,  who 
!li«  ^iiMUCT  yii  cbe  (liMOTeij,  pmge  113  ff.    S«e  tUao  PonltOD, 

>v>.i<wiic:v>u«l  vritia^  the  compnhenaiTe  treatiae,  "Parth«r 
,v;>.«r  wiilit*  belwwp  certain  lepidopterons  lArrir,  papw, 
i^ist  thi-ir  ^nnuaoding*.''  Tranaactioiu  of  the  Entomologioal 
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Wood,  the  discoTerer,  assnined  as  the  cause  of  the  phenomenon  a 
photographic  sensitiveness  of  the  skin,  but  gave  no  proof.  His 
assnmption  was  not,  however,  completely  self-evident;  for  there  are 
cases  of  quick  color  adaptation  known  which  rest  upon  other  grounds, 
as,  for  example,  among  Irogs  and  fishes.  In  these  animalu  the  color 
adaptation  is  dependent  on  sight.  If  they  lose  the  use  of  their  eyes,' 
be  it  at  the  instance  of  the  esperimentor  or  accidentally,  they  lose  their 
capacity  for  color  adaptation.  This  rests,  however,  not  upon  a  change, 
but  only  on  a  different  arrangement  of  the  coloring  matter  through  the 
shrinking  together  of  the  color-bearing  cells  or  so-called  chromato- 
phores  (1),  which  lend  to  the  chameleon'  the  remarkable  capacity  for 
color  changing. 

Upon  these  gronnds  Poolton  thonght  it  desirable  to  seek,  first  of  all, 
for  a  similar  connection  in  the  case  of  caterpillars.  He  covered  the 
eyes  of  a  number  of  caterpillars  with  an  opaque  screen.^  They  did  not, 
however,  lose  the  capacity  for  color  adaptation. 

His  attention  was  then  directed  to  the  hairy  spines  *  of  the  cater- 
pillars under  investigation,  to  see  if  they  perhaps  might  hide  some 
light-sensitive  organ.  But  this  supposition  proved  erroneoas.  The 
shorn  caterpillars  retained  their  capacity  for  color  adaptation. 

The  skin  masttherefore  contain  these  organs.  Foulton*  investigated 
the  physical  constitution  of  the  coloring  in  Ampkidasig  betutaria,  the 
bhch-motb,  which  possesaes  this  color  receptivity  to  a  high  degree.  This 
moth  owes  the  green  color  to  a  coloring  matter  oontatned  in  oil  cells  in 
the  fatty  layer  which  lies  between  the  epidermis  and  the  surface 
mnsclee.  The  epidermis  itself  may  also  secrete  a  dark  coloring  matter, 
which  then  hides  the  green  pigment  and  makes  the  skin  appear  brown. 

The  different  colorings  are  here  formed,  therefore,  not  by  different 
hiyers  of  unchangeable  color  substances,  but  through  the  formation  of 
new  coloring  matter  and  its  alteration  under  the  action  of  light.  The 
most  effective  changes  take  place  in  the  dark  cells  in  the  epidermis, 
but  the  green  lying  beneath  ia  iufiuenced.  The  range  of  colors  thus 
possible  runs  from  brown,  green,  and  gray  ou  the  one  side  to  black  and 
on  fhe  other  to  white.' 

If,  now,  the  color  adaptation  of  caterpillars  is  connected  with  the 
color  reprodnction  in  body-color  photography,  the  dark  coloring  matter 
must  be  formed  in  the  dark  and  the  lighter  colors  result  from  the  action 
of  light  upon  it.  Fonlton,  indeed,  observed  that  in  the  dark,  dark- 
colored  caterpillars  and  pupie  were  formed  by  preference,  while  the 

■Eiperimenta  uid  obMTvaitioDa  of  Lister  aod  Ponchet.  See  Sempet,  loo.  cit., 
pife  117;  FonltoD,  Coloara  of  l.tilmftlB,  page  85. 

'See  Emit  Brilcke,  UnlersDchnngen  Uber  den  Farbeuwecbsel  dee  AftikaDisclien 
ChuDaleoDi.     1851  and  1862.    Oitwald'a  Elaasiker,  43. 

'PoDlton,Pbil.Traus.,178r  pagea  323, 345  ff.  1887;  Colonra  of  AnimalB, page  128. 

•Poolton,  PhiLTraua.,  178:  page  335,1887;  Coloanof  AnimalB, page  128. 

■Poalton.     Trans.  Ent.Soo.,  page  357.   1892. 

■Ponltoii.     TmiB.Eat.  Boc,  pagH35B.   1899 
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hrigiiteT  eeian  came  sbofrt  in  tlie  li^fat-'  It  is  vorth  noting  that  dark 
t-tautaaiiogi  in  a  brit^ht  light  bros^t  oat  nMoeTbat  lighter  dart 
forum  tbaii  eomplete  darkness.'    I  vill  retmn  to  tlus  porat. 

tiiiw  (ax  the  above^esmbed  characteristics  Of  a  efdor-ievepUve  body 
tniutt  b«  aMffumed  for  the  coloring  matter  of  the  skin  of  caterpOlaTs,  in 
«x|4aiiation  of  their  color  adaptation,  depoidson  tiie  extoit  of  this  adap- 
tatimi.  This  tjneHtJnn  is  connected  with  tbe  other,  whether  tbecatopil- 
lant  are  reMtricted  in  their  adaptation  to  colors  which  thev  might  meet 
with  ill  nature,  or  if  they  can  take  on  also  others.  PoolttHi' has  In  gen- 
eral olmerred  only  the  first  case.  But  he  has  showed  ttiat  it  is  not  i>e- 
culiar  sitnatJons  bnt  the  light  which  exerts  the  iufioence;  for  not  only 
were  Kreen  leaves  and  brown  twigs  effcctiTe,  bat  also  greoi  and  brown 
t(tri|)ii  of  paper,  niiite  stripe  of  paper  and  dilEwent  colored  glass 
windows  were  similarly  actave.* 

If,  however,  caterpillars  are  able  to  take  on  otb^  colore  thui  those 
of  tli^ir  natural  sarronndings,  these  conld  not  be  looked  npon  as  pro- 
tection colors.  Au  explanation  of  this  kind  was  rejected  by  Pooltoa  in 
tb(;  cases  of  Pieris  brtusica  and  Piervi  rapa,  which  changed  into  papie 
in  a  glass  cylinder  two-thirds  covered  with  orange-colored  paper.  This 
t^liir  destroyed  the  dark  coloring  matter  more  than  any  other  except 
wbiti;  and  gave  rise  to  bright  yellowish -green  pnpte. 

A  pronoDiiced  deviation  li^m  natural  colors  is  mentjoned  by  Bed- 
daril,  who  says :  *  "  Mr.  Morris*  sncceeded  in  producing  white,  red,  sal- 
mon, black,  and  blae  pupie  of  Danait  chrysippm;  they  are  only  gre«n 
or  pink  in  natare."  It  innst  therefore  be  assumed  that  the  coloring 
matter  of  tliene  caterpillars  iwasesscs  in  a  high  degree  the  character- 
isticis  of  a  color-receptive  substance,  as  already  defined. 

li'ram  tliCHB  examples  it  followa  that  the  biological  explanation  of 
]irote(!tion  coloring  is  not  Ratisfactory;  but  it  in  no  way  follows  that 
natural  sclectiiin  was  not  in  play  in  the  production  of  the  color-receptive 
pigtiieittH  of  the  caterpillars.  For  it  is  easily  possible  that  if  these  are 
capable  of  rojtroducing  the  natural  colors  of  the  sarroandings,  tbey  also 
wilb  Mifl  Hume  chemical  constftntion  have  the  capacity  of  reprodncing 
other  w)lor«, 

The  itMHutnptioii  that  this  constitution  possesses,  in  some  measure,  tbe 
<;liara<',t4!riKti(^s  of  a  color-receptive  substance  is  confirmed  by  another 
()X))(<rinient  of  I'oulton.  (Since  the  caterpillar's  skin  could  readily 
iiHHunie  the  color  of  leaf-green,  tbe  light  of  this  color  must  be  portica- 
larly  active  in  decomposing  tbe  dark  pigment  that  is  secreted  in  the 
skin  In  the  ubscnce  of  light.    Poalton  iuvestigated,  iu  the  case  of  Pieria 

'See,  for  n»u]il<',l>aiilton, Pill). Tnna.,  178:  page  430,1887;  and  TraiiB. Ent. Soc, 
pBgeH:iL'X,.1Kl,  1MI3. 

'I'oullun.    TMna.Knt.  Sao,,  pogen  3311,385.     1892. 
'I'oiiltoii.    Trtttii.  Ktit,  Moo.,  jiftB"  *70.    1892. 

•1'»ii1t<iu.     TraoH.  Knt,  Boc    Rati  for  eKuuipK'  tabloa,  pages  461,  466.     1S92. 
''Frank  K.  llodiUrd.     Animal  Coloriitlou.     LoudoD:  Swau,  Bonn«us<:lieiD  &  Co., 
37.     18110,     . 
rli,     .Imim.  Hoirilifty  Nut.  Hint.  Hnr.,  1800,  acronllng  to  Baddnrd. 
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inaaieie  and  of  Pierit  rapes,  what  radiations  of  the  spectrum  are  most 
active  in  decomi>osiDg  the  dark  pigme&t  of  the  epidermis.  The  results 
were  exhibited  in  a  plot*  whose  abscissie  corresponded  to  the  color  of 
the  illnmination  and  whose  ordioates  gave  the  estimated  degree  of 
attack  upoa  the  dark  coloring  matter  of  the  epidermis.  Besides  the 
already- mentioned  niaximnm  of  decomposition  by  the  action  of  orange- 
colored  light  of  wave  length  between  570  and  650  ftfi,  he  found  iu  the 
case  of  Fieri)!  rapm  a  second,  though  less  marked  for  bright-green  light 
vith  wave  lengths  between  510  and  584  fjfi.  It  is  particalarly  the  yel- 
low constitnent  of  the  light  sent  oat  by  green  leaves  which  is  able  to 
destroy  the  dark  coloring  matter  most  effectually.  The  extreme  red 
and  blue  portions  of  the  spectrum  are  scarcely  more  active  than 
darkness. 

The  similarity  with  the  processes  of  poly-color  photography  goes  even 
fiuther.  In  the  epidermis  of  green  caterpillars  of  Amphidastg  betu- 
laria,  which  is  able  to  secrete  the  dark  coloring  matter,  Ponlton  found 
instead  of  this  a  pale  yellow  coloring  matter,  which  had  a  greenish- 
yellow  appearance  under  the  microscope.  "  It  is  therefore  clear  that 
tlie  snrroandings  determine  not  only  the  presence  or  absence  of  true 
[Hgment  in  the  epidermic  cells,  bnt  also  its  constitution,  and  therefore 
color  when  present.*" 

The  green  coloring  matter  in  the  fatty  layer  can  be  partially  de- 
stroyed,' for  example,  in  white  light.  Therefore,  it  also  receives  rays 
which  it  absorbs  and  therefore  act  upon  it. 

A  test  of  the  explanation  given  is  formed  for  color  photography  by 
the  crossed  spectra  experiment.  Poulton  arranged  a  similar  experi- 
ment. He  moved  caterpillars  ttom  dark  to  light  surroundings,  and 
vice  versa,  an  experiment  which  be  designates  "  transference  exi>eri- 
ment"^  lie  found  that  a  change  of  the  first  color  in  a  sense  such  as 
to  canse  it  to  approach  the  second  was  to  be  noticed  so  long  as  it  was 
confined  to  the  time  during  which  the  caterpillar  was  sensitive.  Here, 
however,  occurs  a  great  difficulty  to  the  understanding  of  the  phe- 
nomenon, which  I  must  mention  in  detail. 

It  mast  first  of  all  be  remarked  that  iu  the  previoasly  mentioned 
phenomena  of  the  skin  of  caterpillars  it  appeared  as  if  it  secreted  a 
coloring  matter  which  in  the  periods  of  sensitiveness  possessed  in  some 
degree  the  character  of  a  color- receptive  substance.  But  iu  order  that 
it  could  be  said  that  the  caterpillar's  skin  behaved  like  a  photographic 
plate,  it  mast  be  shown  that  two  diGTerent  parta  of  the  skin  which  were 
subjected  to  different  colored  illumination  assumed  different  colors. 

One  such  observation  has  been  made,  bnt  it  appears  to  be  the  only 
one.  It  was  communicated  by  Mrs.  Barber  in  a  memoir  which  was 
laid  before  the  Entomological  Society  of  London  by  Darwin.*    A  pupa 

I  Ponlton.     Phil.  Trans.,  178,  fig.  6,  page  431.    1887. 

'  Ponlton.    Traan.  Eat.  Soo.,  page  3.'i9.     1K92. 

>See  for  example  TntDH.  Knt.  Soc.,  pages  3,^2,  419.     1892. 

'Eot.  .^oo.  Ttnns,,  paKP  519.    1874,  aocnnling  ti)  |''""'t'*''CioOQlc 
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lit  I'liiidU  Hirtiua  wiw  eltoated  before  coming  oat  of  the  coooon  npon 
\\  uuil  wliiuh  lay  uext  to  brick.  Aft«r  sheddiDg  the  akin  its  lower  side 
luuk  on  tike  wtlur  of  tbe  wood  on  which  it  lay,  while  the  upper  was  of 
tUu  ixilur  uf  thebrifik.  INmIIob'  reuuks,  on  the  other  baDd,  thatadif- 
feieiK'<''  li«aw<e«tt  the  cvbx  of  the  back  and  of  the  abdomen  is  freqaeatly 
to  W  •.klvwrwd  ia  pap<*-  ^'^  ^^"^  b)*7  perhaps  be  attributed  to  the 
Wt  ihM  ihiK«  jor^aMa  ar»  nsoall;  subjected  to  different  illami nation, 

i^  vAUwctawaC}  <i£  Poalbtm  ted,  however,  to  a  contrary  couclasion. 
kU  h.Ti*ii,ffttl  M  niiac  Che  &uaC  and  rear  portions  of  a  caterpillar  shoald 
S:  i  .-f^nuch  .ilumuiaced.  an  experiment  which  he  designates  as  the 
-H:vu<li<.'iiti^  »jiur  t-xpenmeaC' -'  Xo  local  coloring  was  distiognished, 
>kii.  .»  iitiiut'u  kv<:;fai:«  color  over  the  whole  body,  which  depended  on 
.4Ki  't;;.k.tvt:>  MiiiaL'w-')!  rlie  two  parts,  and  without  a  preponderating 
'U.ii».'i>..v  V.iis'i.wnrd  'j,v  the  front  part. 

1  'K  ..\i>sii]i>iuL  i>i  I'l'ultuu  by  which  he  established  the  fiactsof  states 
li.  Mv.t>vi  >i.:.i»it>. ) K J  .Uso  speaks  uffuinst  the  simple  nature  of  the  pro- 
ik.^.,     1  iiv.<4:  ;>Mi>M»  >m:vui-  al  cbe  time  of  changing  into  pnpie.    In  the 

ii.i >Hv.ik\^    l>.\l>uiiiiieiit»"   the  change  of  surronndlngs  occurred 

.ii,'.  ,<.«  ^  MiM  ^lu  ti  I'tiiuigiMi,  and  in  ^ite  of  this  tbe  first  aorrooudings 
u  .,..  <\  n'i-i.M'.-.ti  uiuiv  iuilueutial  than  the  second  apon  the  coloring 
^t  .1,,  ;•  '  ii>  .  .luipJIar  iiissumed  after  the  changing  into  the  papa.  The 
„,.  .J  .:^iii  It,  "L  vuuise,  formed  beneath  the  first  and  according  to 
I  \.  !,>,>  |.v'.^.>.v^ottiiu  coloring  matter.  The  future  coloring  of  this  skin 
I ,  (i, .,  ..>ii-  itilluviiLud  before  it  possesses  coloring  matter.'  One  mnat 
I.  I,,  oitli  I'l'iiUuu  whuu  be  r^eets  for  these  cases  Uie  assamption 
..,  .,  ..iui>:>  iiliMtogiiiphic  process  and  snpposes  oomplicated  phyaiolog- 

ii,  ij'Mi'  .<!  ihitt  t  do  not  regard  it  as  impossible  that  a  relation  to 

.'".  I 'u'li-.^  I. ti>hy«xists  in  so  fitr  that  the  coloring  matter  of  caterpillars 

i.         .  . ..  itu<  I  haitK^teriutics  of  a  color-receptive  substance  to  a  certain 

.     .         \.<.\m.tUy  Poultou  oonld  not  assume  sncb  a  relation,  for  tbe 

I,.  ..   .1  ii>li>i    |>hiit<>gi-aphy  was  not  then  determined.    There  was  for 

>i.  r,  Ji.iis  It  biAMik  in  the  underataDding  of  the  color  adaptation  of 

.     .  ,.<ii.ki  I,  u)iK>h  ho  t^xpresses  as  follows: 

.^ii  iliiv  iu  the  light  rejected  from  anrronnding  objects  forms 

'.  .■■  ,  tiiii  i)io  iihyeuological  chain  which  connects  the  two  [color  of 
•     rit  <)i>il  ui  the  skin]  has  yet  to  be  discovered." 

,  t'liil  'Ctmim.,  lit*;  paf[e3T3.  1887;  Colon  ori.oiina]a,p>gf>  131; 
.tiiw  iM,  lltL     1»B. 

(Ill'  kiuiliiKMt  of  the  lapldopteTologvit  connected  with  tbe  iDBtitn- 
f  h'>>"<t|'|>.  tia  lul'unuiDg  me  tb*t  tlie  caterpilUn  of  G«ometr<i 
,K  ri  <wu  Iu  «uik>uier  ti>  bromi  with  the  dying  of  the  le&vee.  Mid  in 
iiiu  tii'kUi  ><,>  Ihelr  IWtuer  green  color.  In  neither  caae,  howerer, 
I  .kill  111  ivuikvi'liuu  with  tbe  ooluT  change.  See  Stet).  Kntom. 
U  !•   I>vnv\«(.  Uk>t  MfatUliabed  thftt  thelight  ia  here  the  caaaeof 

(,.,,,4,  iiH    in^vHIT.INtn:  Trans. Ent. Soc., page 391.     1892. 
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The  relation  sought  is  probably  the  ineffectiveneas  of  light  when 
i^ected  aud  its  activity  when  absorbed,  so  far  aa  color  adaptation  is 
concerned,  wbich  depend  od  whether  it  agreea  in  color  with  the  sab- 
stanoe  on'  wbich  it  falls  or  not. 

Id  order  to  show  that  the  remarkable  intlaencing  of  the  cooditiCn 
of  the  futnre  skin  and  the  effect  of  the  illmuination  of  a  part  of  the 
skin  are  not  in  contradiction  to  this  supposition,  I  must  remark  that 
processes  are  conceivable  which  are  set  np  in  connection  with  the 
oommen cement  of  the  light  absorption. 

Poalton  thought  it  possible  that  the  snrface  colored  layer  is  in  a 
state  of  *' oomplete  physiological  unity,"'  and  that  the  nerve  system 
oondncted  the  light  action.  It  is  not  difficult  to  bnild  np  from  this  an 
accurate  physical  conception.  I  recall  phenomena  which  Ostwald^  has 
classed  under  the  name  of  chemical  actions  at  a  distance.  Amalga- 
mated zinc  can  be  dissolved  by  dilute  acids  acting  not  directly  ou  the 
zinc  bat  on  a  ptatinnm  wire  which  is  placed  in  metallic  contact  with 
the  zinc,  bet  when  the  zinc  and  platinum  are  separated  by  a  clay  cell 
and  the  former  dipped  in  a  neutral  solution.  This  action  is,  of  course, 
by  means  of  an  electrical  current. 

In  a  similar  way  the  illamioatioD  of  the  coloring  matter  of  a  cell  may 
set  up  electrical  curreutfl  in  the  nerve  conductors  which  cause  similar 
decompositlou  in  other  cells  of  the  caterpillar's  skin,  such  action  being 
accompanied,  of  course,  by  a  diminntion  of  intensity  of  action  in  the 
exposed  cells.  In  this  way  there  would  be  caused  a  uniform  change 
over  the  whole  body.  8uoh  a  transference  of  action  may  be  compared 
with  an  apparatus  to  see  things  occnrriug  at  a  distance  or  an  arrange- 
ment to  electrically  photograph  objects  far  removed. 

Since,  according  to  Fonltou,  not  only  the  illuminated  skin,  but  the 
colorlees  skin  lying  beneath  it,  is  Enflneuced,  it  mnst  be  assumed  that 
in  some  way  the  decomposition  is  transferred  to  this  latter,  with  the 
result  of  reversing  the  effect  in  the  outer  skin.  This  decomposition 
most  hinder  the  later  formation  of  coloring  matter.  Such  peculiar  con- 
ceptions are,  to  be  sure,  as  yet  premature,  and  are  only  made  to  show 
that  the  relation  to  color  photography  is  not  excluded.  They  are 
indeed  complicated,  bat  so  is  the  process  itself.  Since  nature  proceeds 
from  the  simple  to  the  complex  it  would  be  remarkable  if  cases  should 
not  yet  be  fonnd  in  which  the  process  remained  at  a  less  advanced 
stage  of  development  and  thus  showed  a  direct  relation  to  color 
photography, 

Poidton^  refers  to  similar  processes  the  capacity  of  Raliaa  pratinana 
to  spin  a  cocoon  agreeing  in  color  with  its  surroundings. 

The  trausferrenoe  to  a  distance  in  caterpillars  explains  also  the 
activity  where  dark  surroundings  are  adjacent  to  light,  for  the  parts 


'Ponlton.    Trau.  Ent.  800.,  p»ge  392.    1S92. 

•Ortwald.    Zeita.  fllrPh;a.  Cbem.,  9:  page640.    IBdS. 

■Ponlton.     Triuit.  Ent. Soe.,  page  392,  1892;  Cnlnnra  of  AuioiAli,  page  145 
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9f  tib«  skill  lyiuK  iu  the  dark  are  thai  i>ilMiee  iior  Ibf  Hpf^opmait  of 
dark  j>igineijt,  whkb  in  of  lue  to  tbe  -whale  b»ft^.  '3^ue  ibsc  dei^elop- 
nent  i»  Mtotw  ri(|tul  thau  in  complete  dackBeiK  anfl  &lne  natc  ia|iid  for 
«tit«fi>iUw<i  wbieli  were  flrst  in  ligfat  and  tben  id  diii^iaew  A>n  for 
thvM^  jiJwaf «  remaining  in  darknesK,'  is.  jwrtia^K.  dnp  3W  i^e  Mrtion  of 
thtt  *fxtr*-me  violet  and  nltrariolet  rays  of  t^  dayli;:!!!.  I  duU  later 
ivIki'  tut  a  MDiilar  |»beiiomenon  in  color  •pbotiofT'fbj- 

I'uilJitT  ii.'iiiWM  of  color  adaptatifm  have  ))«■  abone  mcationed  id 
vlii4.-lj  tli«  t^y^  rttt-A-ivm  tbe  native  impolx^  Amordix^  to  Earner'  ttieae 
eawit  ar«  'lu«  U*  tliH  \nm»m>iion  by  tbe  caterpillars  ofa  loa^  BerrE  traiu 
ttiU-iiiiiiig  iMtwt-en  tbe  place  of  reception  of  the  £tw«l««  aad  tlicplac« 
of  jr.H  iurtion,  lb«  place  of  nweption  of  the  stimalns  bong  reetrirled  to 
tlue  eye,  Hemp<tr^  explainn  tbe  color  adaptatioo  ia  daese  caeca  by  the 
difference  in  fnt«UKity  of  action  of  certain  colors  and  of  brigbtiiess  of 
tbe  HiirromidtiiKS  on  tbe  retina.  These  create,  according  to  tbe  obeer- 
vationH  of  Dewar,*  ebtctrical  cnrreutn  of  diSetent  strength,  and  Uins 
one  muHt  attribute  to  them  different  capacity  for  attracting  together  of 
IbechroinutopboreH.  WItli  increasing  strength  of  attrardoo  tbe  skin 
appeurx  briicbtitr.  Tbiit  explanation,  it  will  be  observed,  is  nmilar  to 
tbiit  |[iven  for  tbe  (lalen^illarti. 

K«»ip(;r*  cIcMiiriUcK  a  remarkable  observation,  aeooiding  to  which 
"whiti-  nilpblU  brm-d  iiiOHt  eanily  and  surely  in  wbite  reflected  light." 
I  muirftily  bdiitve,  bowever,  that  tbis  circnnistance  has  to  do  with  the 
Miibjei't  iindi^r  conHidcnition.  Their  relatives  in  the  far  north  are  at 
li'ii-t,  with  Mime  rciiKon,"  supposed  to  put  ou  tbeir  white  winter  gar- 
niMif.  tbi'oiiub  tbe  inllucncu  of  tbe  cold.  And  if  each  rabbit  received 
,n,\y  H-lli<«lv.l  mill  not  dircrt  minlight,  they  probably  had  their  resi- 
rlfiH't*  lit  II.  i''iol  |ilin-e. 

I  ilii  not  know  whi'Mier  tlio  above-mentioned  kind  of  color  adaptation 
(hw  »m  »nu-tp»ivt'  iipplieiitioh.  Terbaps,  however,  farther  examples  of  it 
ttlll  lin  r('<'<iifiil/<«l  wboii  tbe  attention  of  biologists  is  drawn  to  it.' 

It  i;t  ii'iiiiiikiiiilii  tlnit  in  the  strong  light  of  tbe  equatorial  regions 
itii'i'i'  iluil.  Lliiin  Hirlil  liiriim  liavo  developed.  Here  also  a  connection 
Willi  lliti  liijlit  liiiH  l<i<«n  iiHHiimeil.  Thus  Darwin"  contrasts  the  dark 
I'liliiiiiij^  iif  Miiiiiy  IiImIh  wblrb  inliahit  tbe  sonthem  part  of  tbe  United 
HlnUiniif  Ahii'iii-ii  with  thiM*  of  tbe  north,  and  adds:  »  This  appears  to 

iTiui».  I':i<i.r'«.'.,|i";(«'i»i.  IW'^I. 

'HliJX'l.     Ki>l»l<'li<i<>g  .Ixr  Aih'ii,  |inH.<  l.-rfl. 

■•K |ii»,  li«'.  I'll.,  i-nw  I'll. 

•II.-WOI.     Nuturx  l.'i,  |><>u<ia  4:U  4:>ll.  1>'77. 
''Nuiii|>ar,  loiv  I'it,,  ])'i)to  -''>•>. 

"Sill  I'oiilluii.  Ciiloiiri  111'  Aiiliiiiili,  |i<i)fi< m  n\,  1K90;  Iteddiird,  Animal  cnloratlon, 
PMU  7ll.  inifi. 

~  lator  hi  XagA't  HumDiiuli  ilnr  l-liolnRrkpfaip,  1:  4Aufl..  1890,  pagesBT, 
.lUTknbtx  olixxrvnlltm  of  II >■!-«•' Iio)  (I'hil.  Tntna.,  p&ge  18»,  l»f2)  that  cer- 
IiIh  I'lilurhiKiiiiitlorii  ui'iiiiiiinliilraiiKly  blivBohedb;  tbeoolurBconiplxmMt- 
in,  It  wmild  bn  iitli>vi<at<ii|[  to  olwcrve  \Thether  ia  Itviag  planU,  Tor 
I'tjilii  ItiiwdN  liftil  lht>  i'K|mi'ity  to  OMiiiiu*  tbe  color  of  their  illumiiuitioii, 
AlMttiimiiiiiiti  ill"  Mphsi-Uxii ;  llemikii  l>y  \'.  Cams,  5  Aafl.,  pagii 263. 
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be  the  direct  resnlt  of  differeoces  between  the  two  rPRJons  in  respect 
to  temperatnre,  light,  etc."' 

It  ABtt  be  taken  into  consideration  that  our  Jadgment  upon  the 
degree  of  color  adaptation  is  dietnrbed  by  the  insensitiveness  of  onr 
eyes  to  the  extreme  violet  and  the  nltraviolet  rays  on  tbe  one  hand 
and  those  of  the  infrared  on  the  other.  These  cause,  however,  chiefly 
blackening  and  must,  therefore,  be  avoided.* 

In  this  connection  the  following  experiment  deserves  consideration, 
which  I  performed  with  Poitevin  plates.  These  were  brighter  when 
the  nltraviolet  rays  were  removed  from  the  andecompoeed  electric 
light  employed  in  illamination  by  an  absorbing  solution,  and,  on  the 
other  hand,  darker  when  these  were  suffered  to  pass  through  unhin- 
dered. This  is  a  cooseqnence  of  the  decomposition  of  the  silver  proto- 
chloride  in  the  first  instance  and  of  its  new  formation  in  the  second. 
In  similar  experiments  I  recognized  the  darkening  effect  of  heating 
and  the  favorable  changes  induced  by  moistnre. 

I-'inally,  there  is  at  least  to  be  recognized  a  relation  between  the 
color  adaptation  of  caterpillars  and  color  photography  in  so  far  that 
the  caterpillars  secrete  a  coloring  matter  which  to  a  certain  degree 
possesses  the  characteristics  of  a  color-receptive  snbstauce.  In  this 
sense  the  color  adaptation  of  a  single  caterpillar  must  be  regarded  us 
mechanical.  This  is,  however,  not  in  contradiction  to  the  conception 
that  tbe  capacity  is  attained  by  biological  adaptation  in  the  sense  of 
Darwin,  for  those  individuals  will  be  best  protected  whose  pigment 
is  most  color  receptive. 

Itcan  not  easily  be  decided  whether  this  capacity  is  developed  by  the 
action  of  light,  according  to  Boux  and  Eimer,^  or  only  by  chance  alter- 
ations of  the  protoplasm  in  the  course  of  time,  according  to  Weismann. 
It  must,  however,  be  remembered  that  there  are  no  complet«ty  fast 
coloring  matters,  and  that  all  would  to  a  certain  degree  be  color 
receptive.  Thus  the  early  ancestors  of  the  caterpillars,  while  not  pos- 
aesfling  the  color  adaptation  of  the  present  representatives,  would 
still  be  somewhat  changed  by  light.  According  to  Eimer,  it  must  be 
snpposed  that  this  chemical  change  would  not  be  without  influence  on 
the  constitution  of  the  protoplasm  and  of  posterity,  and  thus  tlieir 
individual  changes  would  receive  a  certain  directing  inipluse.  Tliese 
changes  would,  therefore,  not  require  an  accideutiil  impression.  Bat 
even  if  Elmer's  hypothesis  should  be  untenable  sucli  an  a<;cidcntal 
impression  would  be  regarded  in  a  physical  sense  only  as  an  e):ample 
of  the  play  of  unknown  processes  which  still  require  explanation. 

■Hr.  O.  Wackerza[ip  gftve  m«  the  privilege  of  examiniug  a  seriea  of  butterfliBH  in 
bis  rich  collection  for  which  the  inSaence  of  the  region,  ot  tho  cliiuat«,  as.  for  exam- 
ple, on  thenortbuidaoathsidMof  the  Alps,  or  the  elevation,  wosiliatiuctly  visible  iu 
the  gradBtioDs  of  color.  The  elB«  insigniHoant  variations  are  scarci'ly  to  be  under- 
stood except  aa  they  are  to  be  nsoribed  as  the  effect  uf  light,  heat,  and  other  impuluw 

'Zenker.     Fhotoahroraic,  page  !i9. 

'Bonx  uid  Elmer.    Bee  citations,  pages  Itt,  21.  OoDolc 
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XVI. — SXJMMABT  AMD  COHOLUSIOH. 

I  bad  Bet  before  myself  the  task  of  determining  tiie  causen  of  the 
color  reproduction  in  the  older  processes  of  color  photography  which, 
in  their  main  features,  were  iutroduced  by  Seebeck,  Becqaerel,  and 
Poitevin. 

The  explanation  of  Schnlts-Sellach,  by  disintegration  colors,  was,  ia 
the  first  place,  shown  to  be  erroneous. 

A  method  was  required  for  the  discrimiaatioa  of  interference  from 
body  colors  which  appear  in  snbstances  of  high  refractive  indices.  This 
was  fonnd  in  the  employment  of  a  right-angled  glass  prism,  also  of 
high  refractive  index,  tbroagh  which  the  colors  to  be  investigated 
were  observed. 

By  means  of  the  alteration  in  color  thus  produced  it  was  shown  that 
the  Becquerel  picture  upon  an  underlying  silver  mirror  was  chiefly  pro- 
duced by  interference.  Here,  therefore,  Zenker  had  correctly  ascribed 
the  cause  of  the  color  reproduction  to  the  formation  of  stationary  light 
waves. 

In  the  pictures  of  Seebeck  and  Poitevin  there  was,  on  the  contrary, 
no  color  change.  They  consist,  tlierefore,  of  body  colors,  and  Zenker's 
explanation  finds  here  no  application. 

The  fact  that  these  pictures  show  the  same  colors  by  transmitted  as 
by  reflected  light  leads  to  the  same  conclusion. 

It  was  shown  that  in  Becquerel's  pictures  body  colors  cooi>urate  in  a 
slight  degree. 

The  underBtauding  of  the  formation  of  body  colors  was  promoted 
for  the  Seebeck  and  Poitevin  processes  by  the  proof  for  these  processes, 
respectively  by  Carey  Lea  and  by  Krone,  that  the  substances  present  in 
the  plates  are  capable  of  yielding  compounds  which  embrace  almost 
all  the  spectral  colors,  if  not  all  their  tones. 

The  explanation  was,  however,  lacking  why  the  color  snbstances 
produced  agreed  in  hue  with  the  illumination-producing  decomposidoii. 

This  explanation  is  found,  that  of  all  colored  substances  capable  of 
being  produced  only  those  will  be  stable  which  agree  in  color  most 
nearly  with  the  incident  light,  since  these  will  best  reflect  and  least 
absorb  it,  and  can  therefore  be  least  changed.  Decomposition  products 
of  other  colors,  on  the  other  hand,  absorb  this  light  and  will  be  again 
decomposed. 

A  test  of  this  explanation  was  made  by  throwing  a  spectrum  at  right 
angles  on  a  color  photograph  of  the  spectrnm.  It  was  found,  in  fact, 
that  a  correctly-reproducible  illuminating  color  was  capable  of  decom- 
posing all  colors  diS'enug  from  it,  but  similar  colors  remained 
unchanged. 

Itia  therefore  fundamentally  possible  tkat  colored  illumination  shall,  iti 
■^~- ''  Me  substancex,  produce  similar  body  colors. 

tve  designated  snch  substances  as  color  receptive. 
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This  possibility  and  the  recognitioo  of  its  cause  form  a  new  basis  for 
a  kind  of  color  photography  which  may  be  distingaished  as  bodycolor 
photograpby.  The  hope  seems  justified  that  upon  this  fouudatioD 
there  may  be  built  up  uew  processes  superior  to  the  old  body-color 
processes  in  accuracy  and  fixedness  of  the  pictures. 

Color  reproduction  cau  bo  designated  as  color  adaptation,  for  it  con- 
sists in  the  perpetuity  of  color  substances  which  best  withstand  the 
action  of  colored  illumination — that  is,  of  similarly  colored  substances. 
This  oircumBtauce  raises  the  question  whether  color  adaptation  can 
be  produced  in  a  similar  way  in  nature,  that  is  through  a  process  of 
mechanical  adaptation  in  contradistinction  to  biological  adaptation, 
which  according  to  Darwin  results  by  natural  selection  of  individuals. 
Such  a  case  is  presented  by  the  caterpillars  and  their  papse  and  has 
been  thoronghly  investigated  by  Poulton.  While  his  experiments  show 
the  presence  of  complicated  physiological  processes,  yet  they  make  the 
assumption  plaosible  that  the  coloring  matter  of  those  animals  within 
the  sensitiTe  stages  of  development  possesses  to  a  certain  degree  the 
cbuacteristics  of  a  color-receptive  substance. 

In  this  case  the  phenomenon  wonld  beloug  to  a  general  group  of 
phenomena  discovered  by  Wilheim  Boux  and  classed  under  the  title 
of  functional  adaptatiou, 

I  believe  that  with  the  above  the  work  of  the  physicist  in  connection 

with  mechanical  color  adaptation  is  chiefly  finished,  and  it  is  now  the 

function  of  the  chemist  and  photographer,  on  the  one  band,  and  of  the 

biolof^st,  on  the  other,  to  make  the  physical  results  practically  nseful. 

pHVS.  Xmst.  D.  Tbchn.  Hochschulk  Aachen,  April  25, 1895. 
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It  ia  my  patpose  to  take  up  the  differeDt  methods  of  transmiBsion 
and  distributiou  and  to  consider  the  limits  that  are  actnally  fixed  by 
the  present  status  of  electrical  development.  The  question  is  a  com- 
mercial one,  each  problem  preBenting  diSereut  conditioDS  which  mnat 
be  considered,  but  certain  general  principles  govern  each  case,  and  oar 
knowledge  and  experience  makes  it  possible  to  judge  the  practicability 
of  each  particnlar  transmissiou. 

GBNEEATING  PLANTS. 

At  the  present  time  practically  all  of  the  electrical  energy  distrib- 
uted ia  generated  in  plaat«  operated  either  by  steam  or  water  jmwer, 
and  it  ia  important  to  consider  the  conditions  of  maximnm  economy  in 
large  generating  plants,  as  this  bears  directly  on  the  subject  of  trans- 
mission and  distribution. 

A  large  pro[K>rtion  of  the  electrical  plants  in  this  country  arc  steam 
plants.    In  the  last  ten  years  we  have  advanced  from  small  ttations 
using  high-speed  dynamos  for  light  and  power  distribution  to  large 
stations,  using,  as  a  rule,  low-speed  direct-connected  machines.     The 
simple  engines  that  were  used  some  years  ago  have  in  many  cases  been 
changed  to  compound  and  even  triple  expansion  engines,  and  where 
it  is  possible  oondensevs  have  been  employed.    Some  of  the  latest 
plants  have  machinery  of  the  highest  i>ossible  efficiency,  and  yet  if  we 
consider  the  price  per  horsepower  of  the  power  generated  we  will  find 
that  it  is  greater  than  we  expect.     This  is  partly  due  to  the  fact  that 
for  both  lighting  and  power  purjmses  the  load  on  the  station  is,  as  a 
rnle,not  uniform  and  the  apparatus  is  not  working  under  the  best  con- 
ditions 
generat 
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of  differeat  apparatns  to  obtain  the  maximum  economy  for  each  tyi>e. 
For  lighting  stations  triple-expansion  engioes  may  be  nsed,  while  for 
tiaction  work,  where  the  variation  in  the  loail  is  sudden  and  may  occnr 
after  the  steam  is  cat  off  from  the  high-pressare  cylindor,  it  is  not  well 
in  general  to  go  beyond  componnd  engines,  and  there  is  even  a  question 
as  to  whether  simple  engines  are  not  more  economical  wheu  condensing 
water  can  not  be  obtained.  In  nny  case,  however,  it  is  of  the  utmost 
importance,  as  regards  economy  of  operation,  that  the  loud  should  be 
made  as  constant  as  possible. 

Two  distinct  types  of  distribution  are  used  for  incandescent  lighting 
in  this  country — the  single-phase  alternating  current  and  the  direct 
cuirent  3- wire  system.  At  the  present  time  the  former  does  not  permit 
the  supplying  of  power.  As  alternating  distribution  is  at  high  poten- 
tial, it  does  permit  the  location  of  the  station  where  the  conditions  of 
maximum  economy  can  be  fulfilled.  The  3-wire  incandescent  system, 
Qsing  low  voltages,  may  be  used  for  supplying  motors,  but  the  amount 
of  copper  necessitated  by  the  low  pressure  has  caused  such  stations  to 
be  located  near  the  center  of  distribntion,  irrespective  of  the  best  con- 
ditions for  the  economical  ojieration  of  the  plant. 

With  the  alternating  system  it  seems  impossible  to  provide  even  a 
moderately  steady  output,  but  with  the  continuous-current  system  the 
motor  load  during  the  day  gives  an  average  output  greater  in  propor- 
he  (inestion  of  the  relative 
systems  was  discussed,  and 
ere  of  the  alternating  type, 
he  direction  of  continuous- 
there  is  a  large  demand  for 
.  There  is  a  great  advau- 
the  employment  of  storage 
:ation.  In  almost  ull  of  the 
this  plan  has  been  adopted 
ts  have  been  so  favorable, 
itations  are  being  increased, 
ions  is  comparatively  high, 
luced,  and  is  not  now  over 
18,  however,  the  full  benefit 
the  batteries  are  placed  in 
m  approximately  constant 
offered  in  distribution  is  not 

tcago  a  large  proportion  of 
nated  where  it  is  expeusive 
i  economy, due  to  coiidensa- 
)m  to  use  several  stations 
icreases  the  cost  of  prodnc- 
arges.     The  question  arises 
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whetlior  we  Iiave  reached  a  point  where  it  will  he  more  econoiuical  to 
consolidate  the  stations  iu  the  best  possible  locatiou  for  ecouomical 
production  of  energy,  and  make  use  of  the  means  of  distribution  vhich 
have  been  developed  in  the  last  few  years  to  increase  the  radios  at 
which  energy  can  be  supplied. 

As  far  as  traction  stations  arc  concerned,  their  efliciency  and  outpat 
would  be  increased  by  the  use  of  batteries,  both  because  the  machinery 
would  be  steadily  loaded,  and  because  the  mosteflScieut  type  of  appa- 
ratus could  be  used,  as  is  the  case  in  lighting  stations.  By  the  consoli- 
dation of  railroad  properties  tbat  has  takeu  place  in  the  last  few  years 
single  corporations  operate  electric  lines  over  extended  areas.  It  is  the 
custom  to  build  a  number  of  stations,  each  running  a  certain  section  of 
the  line,  the  idea  being  that  the  decreased  cost  of  copper  and  the 
decreased  possibility  of  a  shut  down  would  more  than  compensate  for 
the  increased  cost  of  operation  and  flsed  charges.  It  is,  again,  impor- 
tant to  consider  the  question  whether  we  have  not  reached  the  imint 
whero  a  single  station  can  be  built  in  such  a  way  that  there  is  little  or 
no  possibility  of  any  accident  causing  a  suspension  of  the  entire  traffic 
of  the  system,  and  where  improved  methods  of  distribution  will  decrease 
the  amount  of  copper,  so  that  it  will  not  exceed  that  required  by  the 
present  method  of  using  a  uamber  of  generating  stations. 

If  storage  batteries  are  nsed,  the  two  types  of  variableload  belonging 
to  lighting  and  i>ower  stations  demand  different  tyi>eH  of  battery.  For 
lighting  stations  a  considerable  capacity  is  re<iuired,  while  the  momen- 
tary variations  of  power  stations  do  not  require  any  great  capacity,  bnt 
demand  as  great  a  maximum  output  as  battery  manofacturers  can 
obtain. 

In  water-power  plants  the  conditions  of  economy  are  different.     The 

location  of  the  plant  is  of  course  detinit«ly  fixed,  and  the  advisability 

of  obtaining  a  uniform  load  by  means  of  batteries  depends  upon  the 

Inrni  onnrlitinna     IF  the  water  power  is  limited  and  is  less  than  the 

be  well  to  use  batteries  in  order  to  increase  the 

er.    Again,  if  tbe  development  is  expensive,  it 

levelop  a  smaller  amount  of  jtower,  pay  for  a 

^hinery,  and  increase  the  output  by  the  addition 

e  questions  that  can  only  be  decided  by  a  knowl- 

tioos. 

at  while  the  practice  iu  large  lighting  and  trac- 
tiply  stations  near  centers  of  consumption,  yet 
le  large  station  makes  it  important  to  couBider 
lie  to  oonceutrate  our  power  at  some  |>oint  where 
ninimnm,  and  distribute  by  some  of  the  methods 
:t  few  years  proved  successful  and  economicaL 
i  the  station  load  steady,  and  this  may  be  done 
lighting  and  traction  plants  by  means  of  storage 
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The  diatributiou  of  electrical  energy  to  cousumerH  as  distiugaitthed 
from  its  transmiasiou  to  loog  distances  has  been  largely  accomplisbed 
by  tbe  ageocy  of  coiitiiiuoas  currentH,  although  alternating  carreiita 
have  played  an  ImpoFtaut  part  in  incaadesoent  ligbtiug.  As  I  ha^'e 
stated,  a  considerable  proportiou  of  current  for  lighting  is  distributed 
at  constant  potential  on  the  three-wire  system  or  at  ooustaut  current 
on  arc-light  circuits,  while  [lower  for  traction  circuits  is  distributed  at 
approximately  constant  potential  at  an  average  of,  ssy,  56U  volts. 

1  shall  first  consider  the  condiCiou  of  aftairs  in  a  traction  system  in 
a  large  city,  where  a  number  of  suborban  lines  are  operated.  If  direct 
distribution  is  attempted  Axim  a  single  station,  it  will  be  found  that 
when  the  distance  exceeds  5  or  6  miles  a  large  amount  of  copper  must 
be  employed  to  prevent  both  excessive  loss  and  excessive  variation  of 
potential  on  tbe  lines.  On  snbnrban  lines  it  is  the  latter  consideration 
that  usually  determines  the  amonnt  of  copper  used,  and  this  is  espe- 
cially true  on  lines  •where  there  is  a  considerable  excurnion  traffic. 
Even  in  the  city  itself^  the  supplying  of  sections  at  distances  3  or  4 
miles  from  the  station  may  require  so  much  copper  that  it  would  be 
less  expensive  to  operate  separate  stations.  Several  methods  other 
tbau  the  direct  method  may  be  employed  to  remedy  these  difficulties. 
Forontlying  lines  where  tbe  traffic  is  mainly  of  the  excursion  order, 
being  variable  both  daring  the  day  and  for  different  seasons,  boosters 
may  be  advantageooely  used.  It  is  perhaps  best  from  reasons  of  econ- 
omy to  run  the  boosting  dynamos  from  motors.  These  dynamos  are 
series-wound,  and  are  connected  to  feeders  of  such  resistance  that  the 
taUot  potential  in  the  wire  for  a  given  current  is  compensated  for  by 
tbe  rise  in  voltage  of  the  booster.  There  is  a  decreased  cost  of  copper 
bcidental  to  this  system  due  to  the  fact  that  the  drop  is  not  limited  by 
considerations  of  regulation — the  voltage  at  the  end  of  the  feeder  being 
constant — while  the  transmission  is  at  an  increased  potential.  If  the 
average  station  potential  is  600  volts,  and  it  is  boosted  3U0  voltn,  then 
the  copper  for  a  given  loss  would  be  decreased  in  the  ratio  of  36 
to  81.  The  booster  system  has  the  advantage  of  the  direct  system 
when  the  cost  of  the  additional  apparatus,  together  with  the  increased 
loBs  on  the  line,  capitalized,  is  less  than  the  increased  cost  of  the 
copper  necessary  to  produce  the  same  restUt  by  the  direct  system. 
Whether  the  balance  is  in  favor  of  one  or  the  other  depends  on  the 
distance  and  the  variation  of  the  load,  and  it  is  indifferent  whether  the 
variation  in  the  latter  occurs  often  or  not. 

If  any  transforming  device  is  employed  to  feed  a  distant  section  of  the 
line  it  must  be  remembered  that  the  capacity  of  the  device  must  be 
great  enough  to  look  out  for  the  maximum  demand  on  this  section. 
Snppose,  now,  that  we  wish  to  feed  some  saborban  line  where  tbe  load 
has  considerable  momentary  fluctuations,  bnt  where  the  traffic  is  mod- 
erately constant  daring  the  year;  in  this  case  the  booster  could  be 
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used  with  a  Btorage  batter;  at  the  eud  of  its  feeder,  the  battery  sap- 
plying  the  line.    The  advantages  of  this  combiuation  are  greater  than 
with  the  simple  booster,  and  iu  many  casea  they  will  compensate  for  the 
interest  and  depreciation  ou  the  battery  and  the  loss  in  it.    If  the 
arrangRment  is  properly  made  the  load  ou  the  booster  and  line  wire 
will  be  practically  constant,  thus  decreaslug  the  capacity  of  the  booster 
to  that  required  for  the  average  load,  while  lees  copper  will  be  required 
for  a  given  loss.    As  to  the  latter  point,  suppose  a  given  amount  of 
power  is  to  be  distributed  iu  24  hours,  say  200  amperes  at  600  volts,  if 
the  load  is  uniform,  the  loss  will  be  proportional  to  20tf  x24  hours.     If 
it  is  all  distributed  in  12  hours,  the  loss  will  be  proportional  to  400^  x  12 
hours,  or  twice  as  much.    So,  iu  tbe  case  of  the  steady  load,  the  same 
power  could  be  transmitted  with  the  same  loss  with  half  the  copper. 
It  makes  no  diflfereuce  whether  the  vtuiation  extends  over  12  hours  in 
24  or  occurs  every  other  minute,  the  result  will  be  the  same.     It  is 
apparent,  theu,  that  it  is  of  the  utmost  importance  to  keep  tbe  line 
steadily  loaded,  as  well  as  the  station,  and  this  points  to  the  location  of 
the  battery  near  tbe  jtoiuts  of  cousumption  and  not  in  the  station.     By 
this  system — a  booster  wttli  storage  batteries — it  is  possible,  assuming 
the  same  loss,  to  transmit  power  to  a  distance  of  10  miles  with  approx- 
imately the  same  amount  of  copper  that  would  be  required  for  a 
&-uiile  traosmission  on  the  direct  system.    It  would  increase  the  econom- 
ical radius  of  distribution  twice  and  the  area  of  distribution  four  times. 
A  single  station  could  economically  supply  liues  within  distances  up 
13  miles.    If  it  is  desired  to  still  further  increase  the  radios 
bution,  it  is  possible  to  do  this  by  employing  some  of  the  alter- 
irreiit  methods  that  have  come  into  use.     1  will  discuss  these 
later,  but  at  this  point  I  may  remark  that  tbe  use  of  stationaiy 
ry  transformers  ]>ermits  the  energy  to  be  transmitted  in  the 
tlternatiug  currents,  and  to  be  changed  again  into  continuons 
of  any  reipiired  voltage.    These  rotary  transformers  supplied 
lernnting  current,  which  is  transmitted  from  the  station  at  a 
tuge,  may  be  used  to  fee<l  the  line  directly  or  they  maybe  used 
y  storage  batteries  which  aie  connected  to  the  line.    In  the 
se  we  have  the  advantAge  of  decreased  size  of  apparatus,  of 
•Ml  on  the  litatioUiand  of  a  ntinimam  cost  of  copper  on  the  line; 
ttitem  it  would  be  best  to  employ  would  depend  upon   the 
It  and  the  character  of  the  line  and  load. 
'  oy^ittenis  (hat  I  haw  proposed  for  city  and  snborbui  distribu- 
u   it  siuglo  statiou.  three  have  been  snccessfhlly  employed, 
tilt'  btHviter  sysit'm.  the  booster  system  with  batteries,  aud 
aui^lbnneni  operating  directly  on  the  tine,     ^^1len  we  consider 
nlagiv^  of  a  single  station  and  a  steady  load,  it  seems  evideot 
at  many  of  the  l:)rj:e  iraorion  systems  would  do  well  to  con- 
their  st»li«^)s  iulo  one  and  to  use  the  booster  Bysteu  with  bafr 
'  tlietr  «»itlyiii>:  Uii««.  and  if  ne«vssar>'  use  rtXary  transformers 
be\>md  the  limit  of  oid;mir>-  snlntrl>«u  vurk.     As  to  the  pos- 
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ailHlity  of  the  iromplete  shnt  down  of  sacli  a  station,  we  have  reached 
Biich  a  poiut  ill  the  constraction  of  machinery,  both  electric  and  me- 
chanical, that  with  a  proper  reserve,  a  careful  system  of  daplex  steain 
piping,  and  with  fireproof  coostmction  of  the  station  such  a  poesi- 
bility  may  be  disregarded;  while  the  batteries  woold  look  oot  for  any 
moineutary  interruption  •on  the  feeders. 

CONTINUOUS  CUBBBNT  LOW   VOLTAGE  DIBTBIBDTIOM. 

Some  of  the  most  important  stations  supplying  incandescent  lamps 
are  operated  on  the  three-wire  continaons  current  system.  In  the  last 
few  years  a  considerable  advance  has  been  made  in  the  sale  of  power 
for  motors  from  these  stations,  and  this  has  increased  the  revenue  and 
has  tnveu  better  average  output  The  tendency  in  tliis  country  has 
been  in  the  direction  of  using  storage  batteries  in  snch  stations,  lind 
abroad  practically  every  continiions  current  station  nses  batteries.  As 
in  the  case  of  traction  systems,  it  has  been  the  custom  in  large  cities  to 
bnild  a  unmber  of  separate  Stations  instead  of  building  a  single  plant 
and  distributing  from  it.  The  batteries  have  been  placed  in  the  stations 
themselves,  and  no  attempt  has  been  made  to  decrease  the  amount  of 
copper  used  by  employing  a  number  of  centers  of  distribution  aad  giv- 
ing the  main  feeders  a  steady  load.  The  same  considenvtions  that  apply 
to  stations  for  traction  work  will  also  apply  to  stations  used  to  supply 
lights,  and  the  same  methods  of  distribution  may  be  used.  It  would 
onqnestiouablybemore  economical  in  many  instances  to  use  single  sta- 
tions te  transmit  power  from  these  stations  to  centers  of  distribution, 
where  batteries  may  be  located  and  to  distribute  from  these  centers  on 
a  three-wire  system.  A  case  in  point  is  the  system  used  at  Bndapest, 
where  the  energy  is  distributed  f^m  the  central  station  to  rotary  trans- 
formers at  substations,  these  rotary  transformers  feeding  batteries,  car- 
rent  being  distributed  from  these  batteries  on  a  three  wire  system.  The 
reports  of  the  ojietation  of  this  station  show  that  it  is  both  economical 
and  successful,  and  it  might  well  be  copied  by  some  of  the  companies 
in  this  country.  The  gross  receipts  of  some  of- the  large  illuminating 
companies  bear  snch  a  large  proportion  to  the  company's  stock  that  a 
comparatively  small  saving  in  operation  would  mean  a  considerable 
increase  in  the  dividends,  and  there  is'  no  doabt  in  my  mind  that  by 
osing  one  power  station,  with  battery  substations  for  distribution,  the 
operating  espenses  can  be  considerably  decreased. 

ALTBENATINQ  CUBEENTS  FOE  LIGHTING. 

Alternating  currents  have  been  employed  for  lighting  in  this  country, 
and  they  have  been  especially  valuable  where  a  district  is  to  be  supplied 
in  which,  the  distances  are  considerable  as  con)x>ared  with  the  number 
ofcnstomers.  It  has  been  almost  the  universal  custom  to  supply  small 
transformers  for  each  consumer,  and  while  the  average  size  of  trans- 
formers  is  greater  now  than  it  was  a  few  years  ago,  yet  they  are  co 
paratively  small.    No  power  has  been  supplied  fh>m  snob  stations, 
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altlioogb  alternating  arc  lamps  are  used  to  a  lim[t«d  extent,  yet  the 
nnmber  is  not  increaaing,  and  in  some  cases  contiDuons-carrent  arc 
lamps  have  beau  substitated  for  the  alternating.  Under  these  condi- 
tions the  load  on  the  station  is  even  more  variable  than  in  the  case  of  a 
continuoas-carrent  sapply  vhere  motors  may  be  employed,  and  the 
constant  loss  dae  to  the  large  nnmber  of  email  tranaformere  need 
places  this  system  at  a  disadvantage  as  compared  with  the  contiunons- 
cnrrent  system.  The  great  advantage  it  possesses  lies  in  the  increased 
area  of  distribatioa  rendered  possible  by  the  high  voltages  that  are 
ased,  together  with  the  possibility  of  locating  the  stations  where  power 
can  be  cheaply  made.  Abroad  in  the  last  few  years  most  of  the  new 
stations  that  have  been  bnilt  nse  continuous  currents,  altbongb  some 
years  ago  the  greater  proportion  of  them  were  alternating-current  sta- 
tions. It  is  also  the  custom  abroad  to  nse  substations  with  large  trans- 
formers for  distribution,  thus  doing  away  with  a  considerable  part  of 
the  constant  loss  due  to  the  small  transformers  used  here.  It  is  not 
possible,  at  the  present  time,  without  greatly  complicating  the  system, 
to  obtain  a  steady  load  on  the  station,  and  the  only  question  that  arises 
is  the  value  of  substations,  and  the  possibility  of  using  some  form  of 
alternating  current  other  than  the  single-phase. 

MBTH0D3  OF  BLEOTBICAL  TBANSHIS810N. 

doming  to  the  question  of  transmission  of  electrical  energy  aa  distin- 
gnished  from  the  supply  to  customers  from  distributing  centers,  there 
have  been  great  advances  made  in  the  last  few  years,  and  these  mainly 
through  the  introduction  of  multiphase  alternating  currents.  Single- 
phase  alternating  currents  permit  the  transmission  of  power  to  long 
distances  and  its  distribution  for  lighting  purposes.  It  is  also  possible 
to  supply  power  from  such  circuits  to  large  motors  working  under  a 
steady  load.  It  is  not  possible,  however,  to  distribute  power  econom- 
ically for  ordinary  uses.  As  most  long-distance  transmission  schemes 
contemplate  the  substitution  of  electric  motors  for  steam  engines,  and 
as  their  success  will,  in  many  cases,  depend  upon  the  possibility  of  snch 
substitntion,  single- phase  alternating  currents  are  not  at  present  able 
to  comply  with  the  conditions  imposed  by  the  desired  service.  The 
introduction  of  multiphase  alternating  systems,  where  two  or  more 
alternating  currents  are  employed,  the  currents  differing  in  phase,  has 
completely  changed  the  situation  with  respect  to  long-distance  trans- 
mission. I  shall  consider  briefly  the  possibilities  of  such  systems  and 
their  value  as  compared  with  any  direct-current  system. 

CONTraUOUS-CUREEKT  TBAKSUI8SION. 

TLe  first  long-distance  transmission  plant  was  operated  by  the  con- 
tinuous-carrcDt  system,  and  even  now  plants  are  being  built  in  which 
continuous  currents  of  high  potential  are  used  to  transmit  energy  to  dis- 
tances up  to  15  miles.  As  compared  with  transmissiou  by  means  of 
alternating  cnrrents,  we  will  find  that  the  continuous- current  system 


ELECTRICAL  ENEBOT.  215 

possesses  Bome  advantages  and  Bome  disadvantages.  If  we  consider 
the  relative  cost  of  the  copper  in  the  line  for  a  given  amoont  of  power 
transmitted  and  for  a  given  maximam  potential  between  the  condnct- 
ora,  we  will  find  that  tjie  relative  amounts  for  the  cootinuonacnrrent 
and  the  different  alternating-carrent  xystems  will  be  as  follows: 

ContinnoDH  curreDt 100 

Siiigle-phasa  nltematlog 300 

Two'pliuBe  alteruiitin^ 300 

Threp-pliaae  nlterniiting 150 

We  see,  then,  that  the  continaons-cuTrent  has  a  marked  advantage 
orer  the  alternating-ci.rTent  system  aa  far  as  the  cost  of  copper  is  con- 
cerned. There  are,  however,  certain  practical  disadvantages  belonging 
to  this  system.  The  higb  voltages  necessary  for  long-distance  trans- 
mission makes  it  impossible  to  distribote  the  current  at  the  receiving 
end  withont  first  reducing  the  voltage.  With  continuous  current  this 
can  only  be  done  by  employing  a  rotary  commutator  of  some  kind.  A 
plan  which  has  been  practically  and  successfnlly  nsed  has  been  to  run 
a  nnmber  of  dynamos  in  series  at  the  generating  end  of  a  line,  while 
at  the  receiving  end  are  a  number  of  motors,  also  arranged  in  series, 
which  are  nsed  to  drive  other  generators  to  give  the  required  type  of 
carrent  and  the  desired  voltage.  It  has  not  been  fonnd  possible  to 
make  either  dynamos  or  motors  of  any  great  outpnt,  as  there  are  prac- 
tical difficulties  in  running  dynamos  of  high  potential  where  the  current 
taken  from  them  has  a  considerable  value.  Mous.  Thury  baa  installed 
a  nnmber  of  coutinaons-cnrrent  transmission  plants  that  have  appar- 
ently given  excelleut  results.  At  Biberist  a  transmission  of  15  miles  is 
employed.  At  Brescia  700  horsepower  are  transmitted  over  12  miles  at 
a  maximum  of  15,000  volts.  Mons.  Tbary  states  that  generators  for  45 
amperes  can  be  constructed  up  to  3,000  volts,  and  he  thinks  that  4,000 
could  be  successfally  nsed.  These  machines,  however,  are  small  when 
compared  with  the  5,000  horsepower  dynamos  in  use  at  Niagara,  for 
instance;  and  where  the  transmission  is  a  large  one  the  great  number 
of  machines  necessary  would  be  a  serious  objection  to  this  type  of  trans- 
nission.  It  will  be  seen  Hiat  the  greatest  possibility  of  trouble  in  snch 
a  transmissiou  lies  at  the  ends  of  the  line,  in  the  generating  and  receiv- 
iog  apparatus.  It  is  necessary,  no  matter  what  our  voltage  is,  that  both 
the  dynamos  and  motors  shall  be  directly  subjected  to  it,  and  this  with 
commutated  machines  will  always  he  a  source  of  danger.  If  we  are  to 
do  any  considerable  amount  of  lighting  from  such  a  station,  our  energy 
for  this  purpose  undergoes  three  transformations  before  it  reaches  the 
lamps,  and  the  efficiency  would  not  be  so  high  as  iu  a  corresponding 
alternating-current  system.  It  would  hardly  be  jrassible  to  supply 
motors  for  ordinary  work  at  the  high  voltages  nsed  for  transmissiou, 
and  the  current  for  them  woald  have  to  be  transformed  in  the  same 
manner  as  the  current  for  the  lamps.  It  must  be  recognized,  however, 
that  this  system  hits  been  snccessftally  used  and  has  given  excellenf- 
results  in  a  few  cases  of  transmission.    Its  great  advantage  lies  in  tl 
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decreased  amonnt  of  copper  as  compared  with  the  alternating  systeoiB, 
and  in  the  absence  of  indaction  effects,  whicli  are  a  drawback  to  alter- 
oatiug-curreut  traDsmission. 

TEANSMiesrON  BY  ALTBENATING  CtTKEEHTS. 

A  large  proportion  of  the  traasmissiou  plants  that  have  been  installed 
ill  the  last  few  years  have  been  of  the  alternating  cnrreut  type.  These 
have,  as  a  rule,  given  satisfactory  resnlts,  and  the  installations  that  are 
now  being  erected  or  planned  are  almost  exclnsively  on  an  alternating 
current  basis.  The  great  advantage  of  this  system  lies  in  tiie  fa«t  that 
it  is  possible  to  cbauge  the  voltage  of  the  current  witbont  the  use  of 
rotating  apparatus,  and  at  once  economically  and  safely.  Low  voltage 
dynamos  may  be  used,  the  voltage  may  be  increased  in  any  desired 
ratio  by  stationary  transformers,  the  energy  may  be  traDamitt«d  at 
an  increased  voltage,  and  at  the  receiving  end  the  voltage  may  again 
be  reduced  by  transformers.  If  we  compare  this  method  with  the 
contiunous  current  system  we  will  see  that  to  obtain  an  alternating 
current  of  the  reqaired  pressure  at  the  receiving  end  of  the  line  we 
would  use  the  same  nnmber  of  transformations  required  by  the  contin- 
uous current  system.  We  have  the  great  advantage,  however,  that  our 
changes  in  voltage  have  been  obtained  by  the  agency  of  stationary 
apparatus,  which  is  much  cheaper,  is  niore  efficient,  and  is  safer  than 
that  required  in  the  contiunous  current  system.  It  is  possible  to 
increase  the  voltage  by  means  of  transformers  to  almost  any  value  with 
jwrfcct  safety  and  with  an  efficiency  as  high  as  98  per  cent  or  99  per 
cent.  If,  then,  our  alternating  current,  wben  it  has  been  reduced  at  the 
receiving  end,  is  as  valuable  for  distribution  as  the  current  obtuned  by 
the  direct  current  system,  there  will  be  no  doabt  that  alternating  trans- 
mission has  great  advantages  over  continuous  currents. 

T  have  spoken  of  tlie  relative  amounts  of  copper  required  by  the 
single-phase,  two-phaae,  and  three-phase  alternating  currents.  I  do 
not  think  it  necessary  to  explain  minutely  the  difference  between  these 
systems,  as  they  are  well  understood.  In  a  single-phase  system  a  single 
alternating  current  is  used.  In  a  two-phase  system  two  alternating 
currents,  whotic  phases  differ  by  90  degrees,  are  employed,  while  in  the 
three-phase  system  there  are  three  currents,  differing  in  phases  by  CO 
degreesl  I  shall  consider  the  characteristics  of  these  three  systems,  as 
there  has  been  much  discussion,  especially  as  to  the  relative  value  of 
the  last  two  of  them,  for  transmission  work.  I  shall  not  discuss  the 
various  modifications  of  the  systems,  but  shall  confine  myself  to  general 
considerations.  There  is  no  single- phase  motor  in  successful  commercial 
operation  that  does  not  require  to  be  started  from  rest  by  some  outside 
means.  This  prevents  a  single-phase  current  from  being  used  at  the 
present  time  for  power  distribution;  and  as,  in  most  transmission,  the 
distribution  of  power  is  an  important  item,  single-phase  currents  are 
not  suitable  for  this  purpose.  In  a  two-phase  system  the  currents  are 
usually  carried  on  separate  pairs  of  wires,  while  in  the  three-phase 
system  three  wires  are  generally  used,  a  common  return  being  nunecee- 
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tsay,  as  the  sam  of  the  oairmta  is  zero,  nnlesB  the  circaits  are  unbal- 
anoed.  Id  distribnting  on  the  tbree-pbase  Bystein  a  fourtli  wire  can  be 
employed,  as  it  givea  an  advanta^  in  the  amonnt  of  copper  nsed. 

lu  all  tbese  alternating  BystemB  the  great  difficulty  lies  in  the  foot 
that  the  inductance  of  the  circait  canscs  the  cnrreitt  to  lag  behind  the 
electromotive  force.  This  decreases  the  amonnt  of  energy  transmitted 
by  a  given  onrrent  at  a  given  voltage;  it  causes  a  drop  in  the  voltage 
of  the  line,  and  it  increases  the  armature  reaction  of  the  dynamo  for  a 
given  current.  The  total  inductance  of  tlie  circuit  is  made  up  of  the 
iudnctance  of  the  transformers,  of  the  dynamos,  of  the  receiving  appa- 
ratus, and  of  the  line.  In  the  case  of  transmission  to  very  long  dis- 
tances the  line  iudnctance  ia  a  large  proportion  of  the  total,  vbile  the 
indnctance  of  the  receiving  apparatus  depends  upon  whether  lights  or 
motors  are  to  be  supplied  and  upon  the  construction  of  the  latter. 
When  the  different  wires  of  the  multiphase  system  are  fed  from  wind- 
ings on  the  same  dynamo  armature,  then  the  drop  iu  voltage  due  to  any 
excess  of  load  on  one  of  these  circuits  can  not  be  compensated  for  on 
the  dynamo  itself.  If  the  amount  of  current  and  the  lag  of  the  current 
is  the  same  for  all  of  tbe  circnita  of  the  system,  then  it  is  easy,  by  a  com- 
pounding winding  of  the  dynamo,  or  by  changing  the  carrent  in  the 
field  winding,  if  there  is  no  compounding,  to  keep  the  voltage  constant 
at  either  the  sending  or  receiving  cud.  When  the  load  on  the  diflierent 
wires  of  the  system  is  not  the  same,  however,  it  is,  as  I  have  stated, 
impossible  to  keep  all  of  the  circuits  at  the  proper  voltage.  Where  a 
two-phase  transmission  with  separate  circuits  is  used,  then  if  the  sepa- 
rate circuits  are  wonnd  on  diSbrent  armatnres  each  can  be  regulated 
to  give  a  constant  voltage  at  tbe  receiving  end.  This  is  the  case,  for 
instance,  in  the  large  dynamos  built  by  the  Westinghonse  Company  for 
use  at  the  World's  Fair  in  Chicago.  Tbe  ditflcolty  due  to  the  uneven 
loading  of  the  circuits  is  specially  marked  in  the  case  of  the  three-phase 
system,  and  it  is  one  of  the  principal  objections  that  have  been  urged 
against  tbe  employment  of  this  system  for  distribution.  It  should  be 
pointed  out,  too,  that  it  is  not  enough  to  balance  tbe  quantities  of  cur- 
rent for  the  three  branches  of  the  system,  but  tbe  character  of  the 
current  must  also  be  considered.  A  noninductive  load  on  one  wire, 
with  an  indnctive  load  of  equal  value  on  the  others,  would  cause  an 
nnbalaocing  just  as  if  the  currents  differed  in  amount.  In  most  of  the 
transmission  plants  that  are  being  operated  and  tbat  are  proposed  it 
is  required  to  run  both  lamps  and  motors  from  the  same  circuits,  and 
while  a  slight  variation  of  potential  on  tbe  motors  would  not  cause  any 
particular  trouble,  yet  the  snccessftil  operation  of  tbe  lamps  requires  a 
practically  constant  voltage.  I  think,  however,  and  the  same  grounds 
have  been  taken  by  others,  that  in  any  practical  transmission  of  con- 
siderable size  it  is  (wssible  to  so  balance  the  loads  tbat  this  difficulty 
will  not  exist  to  an  extent  to  cause  any  serious  trouble.  Wben  tbe  dis- 
tributing part  of  the  lines  is  reached  it  is  usually  the  custom,  when  a 
three-phase  transmission  is  used,  to  employ  four  instead  of  three  wires. 
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As  for  line  indactance  in  the  two-pbase  and  three-phase  Bystems,  there 
is  no  qaestioD  that  the  latter  has  an  advantage  in  this  respect.  By 
suitable  arrangetnent  of  circnits  the  Hoe  inductance  ean  be  I»onght  to  a 
minimum,  aod  this  is  of  the  ntmost  importance  in  long-distance  trans- 
mission. I  will  not  take  into  account  the  supposed  increased  eflQciency 
of  tliree-phase  motora  and  dynamos  as  against  two-phase  apparatus,  as 
there  is  a  question  as  to  whether  a  superiority  exists,  but  simply  con- 
sidering the  decreased  amount  of  copper  reqnired  and  the  decreased 
inductance  of  the  line,  there  is  no  question  in  my  mind  that,  for  trans- 
mission, the  three-phase  system  is  superior  to  the  two  phase.  It  is  well 
known,  of  course,  ttiat  the  inductance  of  the  circuit  can  be  in  some 
measure  compensated  for  by  the  use  of  condensers  or  over-excited 
synchronous  motors.  The  first  of  these  remedies  is,  however,  a  very 
uncertain  quantity  commercially,  while  the  second  should  be  used  aa 
much  as  possible,  that  is,  as  many  synchronous  motors  should  be  con- 
nected as  is  practicable.  The  best  remedy,  as  things  stand  at  present, 
lies  iu  the  careful  construction  of  the  line  and  the  apparatus,  so  that 
the  effects,  although  they  exist,  can  be  reduced  to  a  minimum. 

It  has  beeu  sliown  by  Mr.  Scott  and  others  that  it  is  possible  to 
trausform  a  two  phase  into  a  three-phase  current,  to  transmit  it  and  to 
transform  it  back  again  to  a  two-phase  current.  This  will  allow  ns,  if 
we  wish,  to  use  two- phase  dynamos  for  generating  the  current,  to  trans- 
mit with  the  advantage  incidental  to  the  use  of  three-phases,  and  at 
our  reducing  end  to  use  two-phase  circuits  for  traosmissioD.  This  has 
some  advantages  as  far  as  balancing  the  voltage  on  the  circnits  go,  and 
it  has  been  proposed  in  the  case  of  several  plants  whose  installation  U 
being  considered. 

Looking  broadly  at  the  value  of  alternating  traosmission  as  against 
continuous  current  transmission,  we  have  a  gain  in  the  simplicity  and 
safety  in  the  transmission,  and  at  the  distributing  end  the  nse  of  malci- 
phase  currents  enables  as  to  supply  both  lamps  and  power  with  an 
economy  and  success  comparable  to  that  of  the  continuous  current  sys- 
tem. If  it  is  necessary  to  use  continuous  currents  for  certain  types  of 
distribution  at  the  recuving  end,  they  can  be  obtained  by  the  use  of 
rotary  transformers,  by  which  the  alternating  cnrrent  ia  transformed 
into  a  coutinnous  current.  These  machines  have  approximately  the 
efficiency  of  corresponding  continuous  current  dynamos,  while  the  oat- 
put  for  a  given  size  is  60  per  cent  greater. 

POSSIBLE  YOLTAafiS  AND  DISTANCES  OF  TBAKSIflSSION. 

A  number  of  calculations  have  been  made  as  to  the  posaihUity  of 
transmitting  electrical  energy  to  very  long  distances.  If  the  questioD 
of  cost  of  transmission  alone  is  considered,  theu  where  water  powers 
or  culm  heaps  are  within  distances  of  100  miles  of  some  large  center  of 

isnmption,  it  has  been  shown  that  it  would  be  profitable  to  generat« 

1  transmit  electrical  energy.  In  these  calculations,  however,  vol- 
es are  assumed  that  have  never  been  employed  for  commercial 

jUts,  iind  whose  availability  is  problematic,  while  sufficient  stress  Is 
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Botappftrentlylaidontbeqaeatioiiofthereliftbilitfoftbepower.  If  the 
indastries  of  a  larj^  city  depended  apon  a  single  transmission  plant,  it 
is  evident  that  the  question  of  reliability  is  of  paramouut  importance. 
Wbere  energy  is  supplied  to  mannfactarers,  to  8treet:car  Rystems,  and 
for  lighting,  a  broakdown  that  wonld  involve  the  catting  off  of  cairent 
for  a  day  wonld  mean  an  euormoas  pecnniary  loss  to  the  commnnity. 
As  the  distance  of  transmission  increases,  the  possibility  of  accident  is 
increased  in  greater  ratio,  because  we  have  not  only  the  higher  voltages 
to  control,  bnt  the  length  of  the  line  that  must  be  looked  oat  for  is  also 
increased.  The  best  gaide  lies  in  the  practical  experience  which  has 
been  obtained  in  the  present  transmission  plants  and  the  consideration 
of  the  difflcnltiea  that  have  arisen  and  the  remedies  that  have  been 
employed.  I  have  prepared  a  partial  list  of  the  principal  transmissioo 
plants  that  are  now  in  operation: 


ttp*. 


TdlDrtd<i,Cia(i... 


SclungeliiiDg.  Oam 


AnderaoD.&C 

ntehbnif,  Uau 

WIsMd^Tt 

IWIKCona 

81.  BjvdnUw.  Csuds . . 
CoMori.M.  B 


Itl(  OMtoDwood   U> 

Lakt  City,  UUh. 

LoiraU.UMa 


BedUaiU.Cal 

Unltm  to  FruUbrt,  Oer- 


....do 


1,  KM    Sucoeurul,  iDcnulDg. 

KM     SuccKflsfut. 
I,  von     SaccBHfUl,  Dyean. 

WO  I  SacCMarul,    Inonas- 

]        iDg,  *  )■««-. 

400     To  b>'  IncnunI  A.JUU 
,      H.P. 

1«0     Ijucceural. 
1000     iDcnuuing   to   D.oov 

WO     SiicceufUt. 


II.O00      E.Oaoj         Do. 

^£00  :        400  ;  SnomwTiil.  to  do  la. 
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It  Till  be  seen  that  the  longest  transmission  is  at  Fresno,  Cat.,  tfae 
distance  being  abont  35  miles.  The  highest  alternating  voltage  ased  ie 
13,000  volts,  at  Znrtch,  Switzerland.  The  highest  direct  potential  is 
15,000  Tolts,  at  Brescia. 

All  of  these  plants  are  working  saccessfnlly,  and  this  fact  will  lead 
to  still  longer  transmission  and  higher  voltages.  No  limit  of  either 
distance  or  potential  has  yet  been  reached.  If  we  consider  the  record 
of  the  present  transmls8ion  plants,  we  can  safely  say  that  it  woald  not 
be  going  ontside  of  the  safe  limit  of  development  to  transmit  at  least 
50  miles  at  a  iMtential  of  20,000  volts,  provided  the  energy  could  be 
delivered  at  such  a  price  as  to  be  considerably  lower  than  the  cost  of  a 
corresponding  amonnt  of  energy  obtained  from  a  steam  plant.  This,  of 
coarse,  is  a  matter  of  local  condition  entirely,  and  the  commercial  valae 
of  each  a  transmission  will  depend  upon  local  conditions. 

LONODISTANOB  TBAKBMISBIOH  FOB  BATLBOAD  WORK. 

The  possibility  of  long-distance  electric-railroad  lines  is  intimately 
connected  with  the  possibility  of  long-distance  transmission  of  power. 
Wo  have  seen  that  it  is  possible  to  transmit  considerable  distances  from 
a  single  station.  The  current  so  distributed  is  not,  however,  snch  that 
it  can  be  applied  directly  to  railroad  motors,  but  it  must  be  transformed 
at  points  along  the  line,  the  distance  apart  of  these  points  of  distribn- 
tion  depending  upon  the  system  that  is  employed.  At  present  con- 
tinuous current  motors  are  used,  and  considerations  of  safety  would 
lead  us  to  use  line  potentials  not  greater  than  700  volts.  By  distrib- 
uting rotary  transformers  at  distances  of  5  or  6  miles  apart,  we  would 
be  able  to  supply  motors  with  current  without  any  great  investment  in 
copper.  The  amount  of  copper  required  could  be  still  further  reduced 
by  using  rotary  transformers  with  storage  batteries  thus  keeping  a 
constant  load  on  the  transmission  line.  It  will  be  found,  however,  that 
OD  any  long-distance  railroad  line,  the  load  on  any  section  of  the  liue 
is  exceedingly  variable  and  the  discharge  rate  of  the  batteries  will  have 
to  be  very  high  in  order  to  prevent  excessive  cost  for  onr  redncing 
stations.  It  is  doubtful  whether  we  have  reached  a  point  in  battery 
construction  that  this  system  of  transmission  would  be  economical.  It 
is  certain,  however,  that  when  the  distances  are  comparatively  short, 
say  within  15  miles,  and  where  the  trafQc  is  not  evenly  distributed,  that 
rotary  transformers,  with  or  without  batteries,  cau  be  economically 
employed  for  raUroad  work. 

CONCLtrslONS. 

My  conclusions,  subject  always  to  the  influence  of  local  conditions,  are 
as  follows : 

1.  In  both  direct  current  lighting  and  traction  systems,  where  the 
power  is  generated  in  or  near  the  area  of  distribution,  it  is  best  to  use 
one  station  situated  at  the  most  economical  point  for  producing  power. 
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2.  In  thfl  case  of  the  tractioa  systems,  wfaeu  the  ecoDomical  area  of 
direct  distributioii  is  passed,  boosters  should  be  employed  directly  or 
in  connectioQ  with  batteries,  to  a  distance  of  10  or  12  miles  from  a 
statiou,  and  beyond  this  rotary  transfonners,  whether  with  or  witboat 
batteries^  ahonld  be  ased. 

3.  Id  the  case  of  direct  current  lighting  systems,  the  energy  shoold 
be  traasmitted  to  storage  batteries  sitnated  at  centers  of  consumptiou 
either  directly  or  by  means  of  a  rotary  traoaformer  and  distribnted 
from  tbetu. 

4.  Where  batteries  are  used  it  is  best  to  place  them  at  the  end  of 
feeder  wires  to  obtain  the  advantage  of  a  constant  load  on  the  wire. 

5.  The  best  system  for  the  long-distance  transmission  of  energy  for 
general  purposes  is  the  tliree-pbasQ  alternating  system. 

6.  Commercial  transmissions  are  in  successful  operation  for  distances 
of  35  miles,  and  for  voltages  as  high  as  15,000  votts. 

Experience  with  these  plants  shows  that  the  transmission  to  00  miles 
with  a  pressure  of  20,000  volts  is  practicable;  beyond  these  limits  the 
tiuismisaiou  would  be  more  or  less  experimental. 
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By  Thohajb  Cohsiebfobd  Maktin. 


The  broad  idea  of  the  atilization  of  Niagara  is  by  no  means  new,  for 
even  as  early  as  1725,  while  the  thick  woods  of  piue  and  oak  were  still 
hannted  by  the  stealthy  redskin,  a  miniatare  sawmill  was  sot  np  amid 
the  roariog  waters.  The  first  systematic  effort  to  harness  Niagara  was 
not  made  until  nearly  one  haodred  and  fifty  years  later,  when  the 
present  hydraulic  canal  was  dag  and  the  mills  were  set  up  wbi<;h  dig- 
fignre  the  banks  just  below  the  stately  falls.  It  was  long  obvious  that 
even  an  enormous  extension  of  this  surface  canal  system  would  not 
answer  for  the  proper  utilization  of  the  illimitable  energy  contaiued  in 
a  vast  stream  of  such  lofty  fall  as  that  of  Niagara. 

Niagara  is  the  point  at  which  are  discharged,  through  two  narrowing 
precipitous  channels  only  3,800  feet  wide  and  160  feet  high,  the  con- 
tents of  6,000  cubic  miles  of  water,  with  a  reservoir  area  of  90,000 
B4]nare  miles,  draining  300,000  square  miles  of  territory.  The  ordinary 
overspill  of  this  Atlantic  set  on  edge  has  been  determined  to  be  equ^ 
to  about  275,000  cubic  feet  per  second,  and  the  quantity  passing  is 
esttmated  as  high  as  100,000,000  tons  of  water  per  hour. 

The  drifting  of  a  ship  over  the  Horse  Shoe  Fall  has  proved  it  to  have 
a  thickness  at  the  center  of  the  crescent  of  over  16  feet.  Between  I^ake 
Erie  and  Lake  Ontario  there  is  a  total  difference  of  level  of  300  feet 
(fig.l,  PI.  YIIl),  and  the  amount  of  power  represented  by  the  water  at 
die  talis  has  been  estimated  on  difi'ereut  bases  JVom  6,730,000  borsepower 
up  t«  not  less  than  16,800,000  horsepower,  the  latter  being  a  rough  cal- 
CDlstion  of  Sir  William  Siemens,  who,  in  1877,  was  the  first  to  suggest 
the  nse  of  electricity  as  the  modern  and  feasible  agent  of  converting 
into  useful  power  some  of  this  majestic  bat  s<|uandered  energy. 

Itmay  he  noted  that  the  water  passing  out  at  Niagara  is  wouder- 
fnllypm^  and  "soft,"  contrasting  strongly,  therefore,  with  the  other 
Wy  of  water,  turbid  and  gritty,  that  flows  ft-oiu  the  north  out  through 
the  banks  of  the  Mississippi.    The  annual  recession  of  the  American 
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Fall,  of  7i  inches,  atul  of  the  Horse  Shoe,  of  2.18  feet,  wonlU  probably 
have  beeti  much  greater  had  the  water  been  less  limpid. 

The  roar  of  the  falls,  which  can  be  heard  for  niaoy  milea,  has  a  deep 
note,  font  octaves  lower  than  the  scale  of  the  ordinary  piano.  The  &11 
of  snch  an  immense  body  of  water  causes  a  very  perceptible  tremor  of 
the  grotujd  througbont  the  vicinity.  The  existence  of  the  falls  is  also 
indicated  by  bage  clouds  of  mist  which,  rising  above  the  rainbows, 
tower  sometimes  a  mile  iu  air  before  breaking  away. 

It  was  Mr.  Thomas  Evershed,  an  American  civil  engineer,  who 
anfolded  the  plan  of  diverting  part  of  the  stream  at  a  considerable 
distance  above  the  falls,  so  that  no  natural  beauty  would  be  iuterfered 
with,  while  an  enormouB  amount  of  power  would  be  obtained  with  a 
very  slight  reduction  in  the  volume  of  the  stream  at  the  crest  of  the 
falls.  Essentially  scientific  and  correct  as  the  plan  now  shows  itself  to 
be.  it  found  prompt  critjcism  and  coudemnatiou,  bat  not  less  quickly 
did  it  rally  the  able  and  influential  support  of  Messrs.  W.  B.  Bankiue, 
Francis  Lynde  Stetson,  Edward  A.  Wickes,  and  Edward  D.  Adams, 
who  organized  the  corporate  interests  that,  with  an  espenditnre  of 
£1,000,000  in  five  years,  have  carried  out  the  present  work. 

So  many  engineering  problems  arose  early  in  the  enterprise  that 
after  the  survey  of  the  proiierty  in  1890  an  International  Niagara 
Commission  was  established  in  London,  with  power  to  Investigate  the 
best  existing  methods  of  power  development  and  transmission,  and  to 
select  from  among  them,  as  well  as  to  award  prizes  of  as  aggregate  of 
£4,400.  This  body  included  men  like  Lord  Kelvin,  Mascart,  Coleman 
Sellers,  Tnrrettini,  and  Dr.  TJnwin,  and  its  work  was  of  the  utmost 
value.  Besides  this  the  Niagara  Company  and  the  allied  Cataract 
Construction  Company  enjoyed  the  direct  aid  of  other  ex]>erts,  such  as 
Prof.  George  Forbes,  iu  a  consultative  capacity;  while  it  was  a  neces- 
sary consequence  that  the  manufacturers  of  the  apparatus  to  be  used 
threw  upon  their  work  the  highest  inventive  and  constructive  talent  at 
their  command. 

The  time-honored  plan  in  water-power  utilization  has  been  to  string 
factories  along  a  canal  of  considerable  length,  with  but  a  short  tail  race. 
At  Niagara  the  plan  now  brought  under  notice  is  that  of  a  short  canal 
with  a  very  long  tail  race.  The  use  of  electricity  for  dlstribnting  the 
{Ktwer  allows  the  factories  to  be  placed  away  from  t4ie  canal,  and  in  any 
location  that  may  appear  specially  desirable  or  advantageous. 

The  perfected  apd  concentrated  Evershed  scheme  comprises  a  short 
surface  canal  250  feet  wide  at  its  month,  1^  miles  above  the  falls,  far 
beyond  the  outlying  Three  Sisters  Islands,  with  an  intake  inclined 
obliquely  to  the  Kiagara  Hiver.  This  canal  extends  inwardly  1,700 
feet,  and  has  an  average  depth  of  some  12  feet,  thus  holding  water 
adequate  to  the  development  of  about  100,000  horsepower.  The  month 
of  the  canal  is  600  feet  from  the  shore  line  proper,  and  considerable  work 
was  necessary  in  its  protection  and  excavation.   The  bed  is  uow  of  clay, 
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uid  the  aide  vails  nre  of  solid  masonry  17  feet  higb,  S  f«et  at  the  base, 
and  3  feet  at  tlm  top.  TUo  nortlieasteru  side  of  tlie  canal  is  uccupied 
bf  a  power  house,  und  is  pierced  by  ten  inlets  guarded  by  sentiuel  gates, 
ea^^^h  being  the  separate  entrance  to  a  wbeel  ]>it  in  the  power  bouse, 
ffliera  the  water  is  nsed  and  the  power  is  secnred.  The  water  as  qaickly 
a^QRed  is  cairteil  oiT  by  a  tunnel  to  the  Niagara  River  again. 

The  massive  canal  [lower  house  is  a  handsome  building,  designe<l  by 
Stanford  White,  and  likely  to  stand  until  Niagara,  spendthrift  fsvsMon, 
has  consumed  its  way  backwani,  through  its  own  crambltng  Rtrata  of 
shale  and  limestone,  to  the  base  of  it.  This  building  is  outwardly  of 
banl  limestone,  and  inwardly  of  enamel  brick  and  ordinary  brick  coated 
vith  white  ennmcl  paint.  It  is  I'OO  feet  in  length  at  present,  npd  has  a 
oV-ton  Sellers  electric  traveling  crane  for  the  placing  of  machinery  and 
the  handling  of  any  parts  that  need  rep;iir.  Tlie  wheel  pit,  over  whiuh 
the  power  bouse  is  situated,  is  a  long,  deej),  cavernous  slot  at  one  side, 
under  the  Door,  cat  in  the  rock,  parallel  with  the  canal  outside.  Here 
the  water  gets  a  fall  of  about  140  feet  before  it  smites  the  turbines.  The 
arrangement  of  the  dynamos  generating  the  current  up  in  tlie  i>ower 
house  is  such  that  each  of  them  may  be  regarded  as  tlie  screw  at  tlie 
end  of  along  ^haftjust  as  we  might  see  it  if  we8too<lanocean  steamer 
OD  its  nose  with  its  hee]  in  the  air.  At  the  tower  end  of  tlie  dynamo 
shikft  is  the  turbine  (fig.  2,  PI.  IX)  in  the  wheel  pit  bottom,jnt<t  as  in  the 
case  of  the  steamer  shaft  we  find  attached  to  it  the  big  triple  or  (jnad- 
mplc  expansion  marine  steam  engine.  Perhaps  we  might  compare  the 
dynamo  and  the  tarbliie  to  two  reels,  stuck  one  on  each  end  of  a  long 
lead  itencii,  so  that  when  the  lower  reel  is  turned  the  upper  reel  must 
turn  also.  You  iniglit  also  compare  the  dynamos  to  bells  up  in  the  old 
church  steeple,  and  the  turbines  to  the  ringers  in  the  jiorch,  playing 
th«  chimes  nnd  triple  bob  majors  by  their  work  on  the  long  ropes  that 
haagdown.  The  wheel  pit  which  contains  the  turbines  is  178  feet  in 
depth,  and  connects  by  a  lateral  tunnel  with  the  main  tunnel  running 
at  right  angles.  This  main  tunnel  is  no  less  than  7,000  feet  in  length, 
yhh  an  average  hydraulic  slope  of  6  feet  in  1,000.  It  has  a  maximum 
height  of  21  feet,  and  a  width  of  18  feet  10  inches,  its  net  section  being 
3-%  sqnare  feet.  The  water  rushes  through  it  and  out  of  its  mouth  of 
stone  andiron  lit  a  velocity  of  2f)J  feet  per  second,  or  nearly  20  miles  an 
hoor. 

More  than  1,000  men  were  employed  continuously  for  more  than  three 
fears  in  the  coiistructiou  of  this  tunnel.  More  than  300,0(Ht  tons  of 
roek  were  removed,  which  have  gone  to  form  part  of  tlio  new  foreshore 
near  the  power  liouse.  More  tlian  10,000,000  bricks  were  used  for  the 
lining,  to  say  notiiiug  of  the  cement,  concrete,  and  cut  stone.  The 
I'lborwas  chiefly  Italian.  The  brick  that  fences  in  the  heiullong  tor- 
rent consists  of  four  rings  of  tho  best  hard-burned  brick  of  special 
sliagie,  making  a  solid  wall  10  inches  thick.  In  some  places  it  is  thicker 
than  that.     Int^i  this  tunnel  discharges  also  by  a  special  subtnnuel  the 
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ased-ap  water  fhiin  the  water  wheels  of  the  Niagara  Falls  Paper  Com- 
paoy.  ThetarbiDe9(flg.3, PI. IX) have togenernte 5,000  borsepowereach, 
at  a  distance  of  140  feet  nuderground,  and  to  send  it  up  to  the  sarface. 
For  this  purpose  the  water  is  bronght  down  to  eaeh  by  the  supply  peu- 
Btock,  made  of  steel  tube,  aod  7j  feet  iu  diameter.  This  water  itupioges 
apou  what  is  essentially  a  twin  wheel,  each  receiving  partof  the  s&eam 
as  it  rushes  iu  at  the  center,  the  arrangement  being  such  that  each 
wheel  is  three  stories  high,  part  of  the  water  iu  the  upi>er  tier  serving 
as  a  cushion  to  sustain  the  weight  of  the  entire  revolving  mechanism. 
These  wheels,  which  have  32  buckets  and  36  guides,  discbarge  430 
cubic  teet  per  second,  and  they  make  250  revolutions  per  minute.  At 
75  per  cent  efficiency  they  give  5,000  horsepower.  The  shaft  that  runs 
np  ft-om  each  one  to  the  dynamo  is  of  peculiar  and  interesting  construc- 
tion. It  is  composed  of  steel  three-fourths  inch  thick,  rolled  into  tubes 
which  are  38  inches  in  diameter.  At  intervals  this  tube  passes  through 
journal  bearings  or  guides  thatsteady  it,  atwbicb  the  shaft  is  narrowed 
to  11  inches  in  diameter  and  solid,  flaring  out  again  each  side  of  the 
journal  hearings.  The  speed  gates  of  the  turbine  wheels  are  plain  cic- 
cular  rims,  which  throttle  the  discharge  on  the  outside  of  the  wheels, 
and  which,  with  the  cooperation  of  the  governors,  keep  the  speed  con- 
stant within  2  per  cent  under  ordinary  conditions  of  running.  These 
wheels  are  of  the  Swiss  design  of  Faesch  and  Picard,  and  have  been 
built  by  I,  I'.  Morris  &  (3o.,  of  Philadelphia,  for  this  work. 

The  dynamos  thus  directly  connected  to  the  turbines  are  of  the  Tesia 
two-phase  type  (flg.  4,  PI.  Xj.  Each  of  these  dynamos  produces  two 
alternating  currents,  differing  90  degrees  in  phase  from  each  other,  each 
current  being  of  776  amperes  and  2,250  volts,  the  two  added  together 
making,  in  rouud  figures,  very  nearly  5,000  horsepower.  This  amount 
of  energy  in  electrical  current  is  delivered  to  the  circuits  tbr  use  when 
the  dynamo  is  run  by  the  turbine  at  the  moderate  speed  of  250  revolu- 
tions per  minute,  or,  say,  i  revolutions  per  second.  Here,  then,  we  have, 
broadly,  a  Tesla  two-phase  system  embodying  the  novel  suggestions 
and  useful  ideas  of  many  able  men,  among  whom  should  be  specially 
mentioned  Mr.  L.  B.  Stillwell,  the  engineer  of  the  Westioghonse  Elec- 
tric Company,  ut>on  whom  the  res[)oosibility  was  thrown  for  its  success. 

Each  generator,  troai  the  bottom  of  the  bedplate  to  the  floor  of  the 
bridge  above  it,  is  11  feet  6  inches  high.  Each  generator  weighs 
170,000  pouuds,  and  the  revolving  part  alone  weighs  79,000  pounds. 
In  most  dynamos  the  armature  is  the  revolving  part,  but  in  this  case 
it  is  the  field  that  revolves,  vhile  the  armature  stands  still.  It  is  note- 
worthy that  it'  the  armature  inside  the  field  were  to  revolve  iu  the 
usual  manuer,  instead  of  the  field,  ite  magnetic  pull  would  be  added  to 
the  centrifugal  force  iu  acting  to  disrupt  the  revolving  mass;  but  as  it 
is  the  magnetic  attraction  toward  the  armature  now  acte  against  the 
centrifugal  force  exerted  on  the  field,  and  thus  reduces  the  strains  in 
the  huge  riug  of  spinning  metal.    The  stationary  armature  inside  tiie 
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field  is  bnilt  up  of  tbin  sheets  of  mild  steel.  Aloiig  the  edges  of  these 
alieets  are  187  rectaugalar  notches  to  receive  the  armature  windiug,  in 
which  the  cnrrent  is  generated.  This  winding  is  in  reality  not  a  wind- 
ing, as  it  consists  of  solid  copper  bars  l^-J  by  -^  inch,  and  there  are  two 
of  these  bars  in  every  square  hole,  packed  in  with  mica  as  a  precaution 
against  heating.  These  copper  condactors  are  bolted  and  soldered 
to  V-shaped  copper  connectors,  and  are  then  groai>ed  so  as  to  form 
two  separate  independent  circuits.  A  pair  of  stont  insulated  cables 
connect  each  circuit  with  the  power-bouse  switchboard. 

The  rotating  field  magnet  outside  the  armature  consists  of  a  hnge 
forged  steel  ring,  made  from  a  solid  ingot  of  fioid  compressed  steel  54 
inches  in  diameter,  which  was  brought  to  a  forging  heat  and  then 
expanded  npou  a  mandril,  under  a  14,0U0-ton  hydraulic  press,  to  the 
ring,  11  feet  7^  inches  in  diameter.  On  tlieinsideof  this  ring  are  bolted 
12  inwardly  projecting  pole  pieces  of  mild  open-hearth  steel,  and  the 
winding  aronnd  each  consists  of  rectangular  copt>er  bars  incased  in  2 
brass  boxes.  Each  pole  piece,  with  its  bobbin,  weighs  about  l^  tons, 
and  the  speed  of  this  mass  of  steel,  cupper,  and  brass  is  !),300  feet,  or 
1^  miles  per  minute,  when  the  apparatus  is  rnnning  at  its  normal  260 
revolutions.  Not  uutil  the  ring  was  speeded  up  to  800  revolutions,  or 
6  loUes  per  minute,  would  it  fly  asunder  under  the  impulse  of  centrif- 
ogal  force.  As  a  matter  of  fact,  400  revolutions  is  the  highest  speed 
that  can  be  attained.  This  revolving  field  magnet  is  connected  with 
the  shaft  that  baa  to  turn  it,  and  is  supported  ftx>m  above  by  a  6  armed 
cast-steel  spider  keyed  to  the  shaft,  this  spider  or  driver  formiug  a  roof 
or  [tenthouse  over  the  whole  machine.  The  shaft  itself  ia  held  in  2 
bearings  inside  the  castings,  around  which  the  armature  is  built  up, 
and  at  the  bearings  is  nearly  13  inches  in  diameter.  At  the  lower  end 
is  a  flange  fitting  with  the  flange  at  the  top  of  the  turbine  shaft-,  and  at 
the  upper  end  is  a  taper,  over  which  the  driver  fits.  The  driver  and 
shaft  have  a  deep  keyway,  and  into  tliis  a  long  and  massive  key  fits, 
holding  them  solidly  together.  The  driver  is  of  mild  cast  steel,  having 
a  tensile  strength  of  74,700  pounds  per  square  inch.  The  bushings  of 
the  bearings  are  of  bronze,  with  zigicag  grooves,  in  which  oil  under 
pressure  ia  in  constant  circulation.  Grooves  are  also  cut  in  the  hub  of 
each  spider  to  i>ermit  the  circulation  of  water  to  cool  the  bearings,  this 
vater  coming  direct  fW>m  the  city  mains  at  a  pressure  of  CO  iiouuds  to 
the  square  inch.  The  oil  returns  to  a  reservoir,  and  is  used  over  and 
over  again.  Provision  has  been  made  against  undue  beating,  and 
plenty  of  chance  is  given  for  air  to  circulate.  This  is  necessary,  as 
about  100  horsepower  of  cnrrent  is  going  into  heat,  due  to  the  lost  mag- 
netization of  the  iron  and  the  resistance  in  the  conductors  tiiemselves. 
Ventilators  or  gills  in  the  drivers  are  so  arranged  as  to  draw  up  air 
from  the  base  of  the  machine  and  eject  it  at  considerable  velocity,  so 
tliat  whatever  heat  is  nnavoidably  engendered  is  rapidly  dissipated. 

In  almost  all  electrical  plants  the  switch  board  is  a  tall  wall  or  slab 
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of  marble  or  mahogany,  uot  aulike  a  bit;  froDt  door  with  lots  of  knobs, 
knockers,  and  keyholes  on  it ;  but  at  the  Kiagara  power  Iiouho  it  takes 
tbe  form  of  ao  imposing  platform,  or  baviiig  in  mind  its  controUing 
functions,  we  may  compare  it  to  the  bridge  of  an  ocean  steamer, 
while  tbe  man  in  charge  or  liaodllDg  the  wheels  answers  to  the  navi- 
gating oilicer.  Tbe  iugenions  feature  is  employed  of  usiiiK  coniju-essi'd 
air  to  aid  in  opening  and  closing  the  switches.  Tbe  uir  comes  front  a 
compressor  located  at  the  wheel  pit  and  driven  by  a  small  water  motor. 
It  supplies  air  to  a  large  cylindrical  reservoir,  from  which  pities  leati 
to  the  varioas  switches,  the  pressure  being  12~>  pounds  tothesiiuHre 
inch.  Anotlier  interesting  point  is  that  the  measuring  iustniments  on 
the  switch  board  do  not  measure  the  whole  current,  bat  simply  a  derived 
portion  of  determines)  relation  to  that  of  the  generators.  All  told, 
less  than  a  thirtieth  of  a  horsepower  givesall  the  indications  retinired. 
To  tbe  switch  board,  current  is  taken  from  the  dynamos  by  heavy  insu- 
lated cable,  and  it  is  then  taken  off  by  huge  copper  bus  bars  which  are 
carefully  protected  by  layers  of  pure  t'ara  gum  and  vuh-anizedmhber, 
two  layers  of  each  being  used;  while  outside  of  all  is  a  spet^ial  braidetl 
coyering,  treated  chemically  to  render  it  noncombnstlble.  The  calcu 
lated  losses  from  heating  in  a  set  of  four  bus  bars  carrying  2o,0001ioree- 
power,  or  tbe  total  output  of  the  first  five  Niagara  generators,  is  only 
10  horsejiower.  About  1,2<K)  feet  of  insulated  cable  have  )>een  snpplinl 
to  carry  tlie  current  from  the  dynamos  to  the  switch  board  in  the  jKtwiT 
himse.  It  has  not  broken  down  until  between  45,000  and  48,000  volts 
of  alteniating  current  were  applied  to  it.  There  are  427  oopi)er  wires 
in  that  cable,  consisting  of  61  strands  laid  up  in  reverse  layers,  each 
strand  consisting  of  7  wires.  Next  to  the  strand  of  copper  is  a  wall 
of  rubber  one-quarter  inch  thick,  double  coateil.  Over  this  is  wrap|>ed 
absolutely  pure  rubber,  imjwrted  from  England  and  known  as  cat 
sheet.  Then  oome  two  wrappings  of  yidcanizable  I'ara  rabber,  nest 
there  is  a  wrapping  of  cut  sheet,  and  on  to[>  of  that  are  two  more  rab- 
ber coats.  This  is  then  taped,  covered  with  a  substantial  bntid,  and 
vulcimized.  The  objei't  in  naing  the  cut  sheet  is  to  vulcani-e  it  bycon- 
tm-t,  in  order  to  make  it  absolutely  water  tight.  This  cable  weighs 
just  over  4  {Munds  to  the  foot,  of  which  3  pounds  are  copper  and  1 
pound  insulation. 

We  have  thus  atlvanced  far  enough  to  get  our  current  on  to  the  bus 
bars,  and  the  nest  step  is  to  get  it  from  them  out  of  the  power  honiv. 
This  flniil  work  is  done  by  extending  our  bars,  so  to  speak,  and  carrj-- 
iDg  them  across  the  bridge  over  the  canal,  into  what  ia  known  as  tbe 
transformer  house.  It  is  here  that  the  current  received  from  the  other 
side  of  the  canal  is  to  bo  ruistnl  in  {Mitential,  so  that  it  can  be  sent  great 
distances  over  snmll  wires  withont  material  loss.  Meantime  we  may 
mite  that  the  Niagivni  Kails  Power  C'ompany  itself  owns  more  than  a 
square  mile  around  the  jMiwer  house,  npon  which  a  large  amonut  of 
■)wer  wilt  be  cuusumeil  in  the  neitr  future  by  maunl'acturiDg  estubliab- 


Fio.  4.— NuoARA  G,000  MoHSEPowEH  Turbines,  Two-phase  Alternate. 
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ments  of  all  kinds,  and  that  it  is*  already  delivering  power  in  large 
blocks  electrically  for  a  great  variety  of  i»iirposes.  Special  apparatus 
for  this  vork  lias  been  built  by  tbe  General  I-^lectric  Company.  The 
cnrrent  for  the  production  of  aluminnm  is  made  "direct"  by  paasing 
through  static  and  rotary  transformers,  while  the  Aclieaon  carbomndnm 
liroceas  nses  tbe  pure  alternating  current  Besides  this,  the  trolley 
road  from  Niagara  to  BalTalo  is  already  taking  part  of  its  power  fi-om 
tbe  Niagara  i>ower  lioose  by  means  of  rotary  transformers.  For  these 
and  other  local  uses  tbe  company  has  constructed  subways  in  which  to 
carry  the  wire  across  its  own  territory.  These  subways  are  5  feet  6 
inches  high  and  3  feet  10  inches  wide  inside.  They  are  built  up  with 
13  inches  of  Portland  cement  and  gravel,  backed  up  with  about  1  foot 
of  masonry  at  the  bottom  and  extending  about  3  feet  up  each  side. 

Tlie  electric  conductors  are  carried  on  insulated  brackets  or  insula- 
tors arranged  upon  the  pins  along  the  walls.  These  brackets  are  30 
feet  apart  At  the  bottom  of  the  conduit  manholes  are  boles  for  tapping 
off  into  side  conduits,  and  along  it  nil  runs  a  track,  upon  which  un 
inspector  can  propel  himself  on  a  private  trolley  car  if  necessary.  Thus 
is  distributed  locally  the  electric  power  for  which  the  consumer  pays 
tbe  very  modest  sum  of  £3  llii,Gd.  i>er  electrical  horsepower  per  annum 
delivered  on  the  wire,  or  about  2  guineas  for  a  turbine  horsepower,  a 
Tiite  which  is  not  to  be  eijnaled  unywbere,  in  view  of  the  absolute  cer- 
tainty of  tbe  power,  free  from  all  annoyance,  extra  expense,  or  bother 
of  any  kind  on  the  part  of  the  consumer. 

It  is  a  curious  fact  tliat  the  projHisal  to  transmit  the  energy  of  Niagara 
loiig  distances  over  wire  should  have  been  regarded  with  so  much 
doubt  and  scepticism,  and  that  the  ceurageous  backers  of  the  enter- 
prise should  huve  needed  time  to  demonstrate  that  they  were  neitlier 
knaves  nor  fool;s,  but  simply  brave,  far-seeing  men.  We  have  to-day 
parallel  instances  to  Niagara  in  the  transmission  of  oil  and  natural 
gas.  Oil  is  delivered  iu  New  York  City  over  a  line  of  pipe  which  is  at 
least  4U0  miles  long,  and  which  has  some  thirty-five  pumping  stations 
en  route,  tbe  capacity  of  the  line  being  30,000  barrels  a  day.  All  that 
oil  has  first  to  be  gathered  from  individual  wells  in  the  oil  region,  and 
dehvered  to  storage  tanks  with  a  capadty  of  9,000,000  barrels  of  oil. 
Chicago,  Philadelphia,  and  Baltimore  are  centers  forsimilar  systems  of 
oil  pi])e  running  hundreds  of  miles  over  hill  and  dale.  As  for  natural 
gas,  that  is  to-day  sent  in  similar  manner  over  distances  of  120  miles, 
Ghioigo  being  thus  supplied  from  tbe  Indiana  giis  fields;  and  tlie  gas 
has  its  pressure  raised  and  lowered  several  tinieson  its  way  from  the  gas 
veil  to  the  consumer's  tap,  Just  a!4  though  it  were  current  from  Niogara. 

We  must  not  overlook  some  of  the  fantastic  schemes  pro|)osed  for 
transmitting  the  power  of  Niagara  before  ele<'tricity  was  adopte<I.  One 
of  them  was  to  hitch  the  turbines  to  a  big  steel  shaft  running  through 
New  York  State  from  east  to  west.,  so  that  where  the  shaft  passed  a 
town  or  factory  all  you  bad  to  do  was  to  hitch  uu  a  belt  or  some  gear 
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wlieel»  and  thus  take  off  all  tlie  power  wauted.  Kot  mach  less  expen- 
sive vns  the  plau  to  Lave  :t  liig  tnbe  from  N^ew  York  to  Chicago,  with 
Niagara  Falls  at  the  center,  aud  with  the  Niagara  turbines  hitched  to  a 
monster  air  compressor,  wliich  should  compress  air  uuder  250  pounds 
pressure  to  the  square  inch  in  the  tuhe. 

So  far  as  actual  electrical  long-distance  transmission  from  yiagara  k 
concerned,  it  can  only  be  said  to  be  in  the  embryouic  sta^e,  for  the  sole 
reason  that  for  nearly  a  year  past  the  power  company  has  been  unable 
to  get  into  Buffalo,  and  that  not  until  last  year  was  it  able  to  arrive  at 
acceptable  conditions,  satisfactory  alike  to  itself  and  to  the  city.  Work 
is  now  being  pushed,  and  by  June,  1897,  power  from  the  falls  will,  by 
contract  with  the  city,  he  iit  regular  delivery  to  the  local  consumption 
circuits  at  Buffalo,  22  miles  away.  But  the  question  arises,  and  has 
been  fiercely  discussed,  whether  it  will  pay  to  send  the  current  beyond 
Buffalo.  Beceut  official  investigations  have  shown  that  steam  jtower 
in  large  bulk,  under  tlie  most  favorable  conditions,  costs  to-day  in  Buf- 
falo £10  per  year  per  horsepower  and  upward.  Evidently  Niagarft 
power,  starting  at  £2  on  the  turbine  shaft  or  say  less  than  £4  on  tlie 
line,  has  a  good  margin  for  effective  co'i'iH'titiou  with  steam  in  Buffalo. 

As  to  the  far-away  places,  the  well-known  engineers  Prof.  E.  J. 
Houston  and  Mr.  A,  E.  Kennetly  have  made  a  most  careful  estimate  of 
the  distance  to  which  the  energy  of  Niagara  could  be  economically 
transmitted  by  electricity.  Taking  established  conditions  and  prices 
thi)t  are  asked  to  day  for  apparatus,  they  have  shown,  to  their  own  sat- 
isfaction  at  least,  that  even  in  Albany  or  anywhere  else  in  the  same 
rndius  330  miles  IVom  the  falls,  the  converted  energy  of  the  great  cata- 
ract could  be  delivered  cheaper  than  good  steam  engines  on  the  spot 
could  make  steam  power  with  coal  at  the  normal  price  there  of  12s. 
per  ton. 

What  this  enterprise  at  Niagara  aims  to  do  is  not  to  monopolize  the 
power  but  to  distribute  it,  and  it  makes  Niagara,  more  than  it  ever  was 
before,  common  proi>erty.  After  all  is  said  and  done,  very  few  people 
ever  see  the  falls,  and  then  only  for  a  chance  holiday  once  in  a  Itfetime; 
but  now  the  useful  energy  of  the  cataract  is  made  cheaply  and  imme- 
diately available  every  day  in  the  year  to  hundreds  and  thousands, 
even  millions  of  people,  in  an  endless  variety  of  ways. 

We  must  not  omit  from  our  survey  the  Erie  Canal,  in  the  revival  and 
greater  utilisation  of  which  as  an  important  highway  of  commerce 
Niagara  i>ower  is  ex|>ected  to  play  no  mean  part.  In  competition  with 
the  steam  railway,  canals  have  suffered  greatly  the  last  fifty  years. 
In  the  United  States,  out  of  4,4liij  miles  of  canal  built  at  a  cost  of 
£40,000,000,  about  one-half  has  been  abandoned  and  not  much  of  the 
rest  pays  expenses.  Yet  canals  have  enormous  carrying  capacity,  aud 
a  single  boat  will  hold  as  nmch  as  twenty  freight  cars.  The  New  York 
State  authorities  have  agreed  to  conditions  by  which  Niagara  energy 
can  be  used  to  pn>i>el  the  canal  boats  at  the  rate  of  £4  per  horsepower 
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per  7ear.  Where  steamboat  baalage  for  242  tons  of  freight  now  costs 
aboatCjd.  a  boat  mile,  it  is  estimated  that  electric  haulage  will  coat 
not  to  exceed  5|d.,  while  with  the  energy  from  Niagara  at  ouly  £4  jier 
horsepower  per  year  it  will  cost  mnch  less.  Some  two  years  ago  the 
first  attempt  was  made  in  the  Uuited  States  on  the  Erie  Cnoal  with 
the  canal  boat  F.  W.  Rawleif.  when  the  trolley  syatein  was  used  with 
the  motor  on  the  boat  a.s  it  is  on  an  electric  car,  driving  the  propeller 
as  if  it  were  the  car  wheels.  Another  plao  is  that  of  lianliag  the  boat 
from  tlie  towpath,  and  that  is  what  is  now  being  done  with  the  electric 
RjBtem  of  Mr.  Richard  Lamb  on  the  Erie  Canal  at  Tonawanda,  near 
Niagara.  Imagine  an  elerator  shaft  worltio^  lengthwise  instead  of 
verticnlly.  There  is  placed  on  poles  a  heavy  fixed  cable  on  which  the 
motor  tmck  rests,  and  a  lighter  traction  cable  is  also  strong  that  is 
taken  np  and  paid  out  by  a  sheave  as  the  motor  propels  itself  along 
and  pulls  the  canai  boat  to  which  it  is  attached.  If  the  boats  come 
from  opposite  directions  they  simply  exchange  motors,  jast  as  they 
Diight  males  or  locomotives,  and  go  on  without  delay. 

On  its  property  at  Niagara  the  power  company  has  already  begun 
the  development  of  the  new  village  called  Echota,  a  pretty  Indian 
Dame  which  signifies  "  place  of  refuge."  I  believe  it  is  Mr.  W.  T>.  Ho^- 
ells,  oar  American  novelist,  who  in  kindred  spirit  speaks  of  the  "repose" 
of  Niagara.  It  was  laid  oat  by  Mr.  John  Bogart,  formerly  State  engi- 
neer, and  is  inteuc1e<l  to  embody  all  tbat  is  best  in  sanitation,  lighting, 
and  urban  comfort.  It  does  not  need  the  eye  of  faith  to  see  here  tlie 
beginning  of  one  of  tfae  busiest,  cleanest,  prettiest,  and  healthiest  locali- 
ties in  the  Union.  The  workingman  whose  factory  is  not  imisoned  by 
smoke  and  dust,  whose  home  was  designed  by  distinguished  architects, 
whose  streets  and  parks  were  laid  out  by  celebrated  engineers,  and 
whose  leisure  is  spent  within  sight  and  soaud  of  lovely  Niagara,  has 
httle  cause  for  grumbling  at  his  lot. 

Tbe  American  company  has  also  preempted  the  great  utilization  of 
the  Canadian  share  of  Niagara's  energy.  The  plan  for  this  work  pro- 
poses the  erection  of  two  power  houses  of  a  total  ultiuiate  capacity  of 
125,000  horsepower.  Each  power  house  is  fed  by  its  own  canal  and  is 
therefore  an  independent  unit.  Owing  to  the  better  lay  of  tbe  land, 
the  tunnels  carrying  off  the  water  discharged  from  the  turbines  on  the 
Canadian  side  will  have  lengths  respectively  of  only  300  and  SOO  feet, 
thus  avoiding  the  extreme  length  and  cost  unavoidable  on  the  Ameri- 
cim  side.  With  both  tbe  Canadian  and  American  plants  fully  devel- 
oped, no  less  than  330,000  borsejiower  will  be  available.  The  .stationary 
engines  now  in  use  in  New  York  State  represent  only  500,000  horse- 
power. Yet  the  350,000  horsepower  are  but  one-twentieth  of  the 
7,000,000  horsepower  which  Professor  Unwin  has  cHtimated  tlie  falls  to 
represent  theoretically.  If  the  350,000  horsepower  were  estimated  at 
£4  per  year  per  horsepower,  and  should  replace  the  same  amount  of 
steam  power  at  £10,  the  annual  saving  for  power  in  New  York  State 
alone  would  be  more  than  £2,000,000  per  year. 
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Let  me,  by  way  of  coiicliision,  emphasize  tlie  trutli  that  this  Rp1«ndid 
eugiueeriug  work  leaies  all  tlie  geiiuine  beauty  of  Niagara  uiitAucliei 
It  tnay  even  help  to  conserve  the  scene  as  it  exists  today,  for  the  t«^ 
rific  weight  and  rush  of  waters  over  the  norseshoe  Fall  U  eating  il 
away  and  breaking  its  cliff  into  a  series  of  receding  slopes  and  rapids; 
so  that  even  a  slight  diminution  of  tlie  whelming  mass  of  wave  will 
to  that  exteut  lessen  disruption  and  decay.  Be  that  so  or  uot  so,  those 
of  us  who  are  lovers  of  engineering  can  now  at  Niagara  gratify  that 
taste  it]  the  unpretentious  plac?  where  some  of  this  vast  energy  is 
reclaiued  for  human  use,  and  then  as  ever  join  with  thosb  who,  not 
more  than  ourselves,  love  natural  beauty,  and  find  with  them  renewed 
pleasure  uud  delight  in  the  majestic,  orgau-toned,  aud  eternal  cataract 
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EARTHCKTJST  MOVEMENTS  AND  THEIB  OAUSE8.' 


By  Joseph  Le  Contb. 


IMTBODTJCTION — SOlfECES  OP  ENERGY. 

Nearly  nil  tlie  procesaea  of  iintiire  visible  to  an — wcll-iii^li  tlie  wliole 
drama  of  natare  enacted  here  on  tbe  surface  of  the  earth — derive  tlieir 
forces  from  the  sud.  Ourrents  of  air  and  water  in  their  eternally 
recarring  cjcIbb  are  a  circulation  driven  by  the  sun.  Plants  derive 
their  forces  directly,  aud  those  of  animals  indirectly  through  plants, 
from  it.  All  oar  machinery,  whether  wind  driven,  or  water  driven,  or 
steam  driven,  or  electricity  driven,  and  even  all  tlie  phenomena  of  intel- 
lectual, moral,  and  social  activity  have  still  this  same  source.  Tliere 
is  one,  and  but  one,  exception  to  this  almost  universal  law,  namely, 
tbat  class  of  phenomena  which  geologists  group  under  the  generid  head 
of  igneous  agencies,  com{>rising  volcanoes,  earthiguakes,  and  more  grad- 
ual movements  of  the  earth's  crust. 

Thns,  then,  all  geological  agencies  are  primarily  divided  into  two 
groQps.  In  the  one  group  came  atmospheric,  aqueous,  and  organic 
ftf^encies,  together  with  all  other  terrestrial  phenomena  which  consti- 
ta(e  the  material  of  science;  in  the  other  group,  igneous  agencies  aud 
their  phenomena  alone.  The  forces  in  the  one  group  are  exterior;  in  the 
other,  interior;  in  the  one,  sun  derived;  in  the  other,  earth  derived. 
The  one  forms,  the  other  sculptures,  the  earth's  leiituies;  the  one 
roQghhews,  the  other  shapes.  The  general  etfect  of  the  one  is  to 
increase  the  inequalities  of  the  earth's  surface,  the  other  to  decrease 
and  finally  to  destroy  them.  The  configuration  of  the  earth's  surface, 
the  distribution  of  land  and  water — in  a  word,  all  that  constitutes 
physical  geography  at  any  geological  time — is  determined  by  the  state 
of  balance  between  these  two  eterually  antagonistic  forces. 

■  PHENOMEWA  TO  BE  STUItlED. 

Now  the  phenomena  of  the  first  group,  lying,  as  they  do,  on  the  sur- 
face and  subject  to  direct  observation,  are  comparatively  well  under- 

'Anuna]  address  by  the  pieHlilent,  Josrph  Le  CoDin,  i 
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Stood  as  to  their  laws  and  tlieir  causes.  While  tbe  canses  of  the  phe- 
nomeua  of  the  secoud  group,  bidden  forever  ft-om  direct  observation  in 
the  inaccessible  depths  of  the  earth's  interior,  are  still  very  obacure; 
and  yet  partly  on  accoaat  of  this  very  obscurity,  but  mainly  on  account 
of  their  fondauieutat  importance,  it  is  just  these  whicli  are  the  moat 
fascinntiug  to  the  geologist.  The  former  group,  constituting,  as  it  does, 
tbe  terrestrial  drama  enacted  by  the  sun,  its  interest  is  shared  by 
geology  equally  with  other  departments  of  science,  such  as  physics, 
chemistry,  and  biology.  Tbe  phenomena  of  the  second  group  arc  more 
distinctively  tbe  field  of  geology. 

If  we  compare  the  earth  with  an  organism  then  these  interior  forces 
constitute  its  life  force,  while  tbe  otlier  group  may  be  likened  to  the 
physical  environments  against  which  it  eteniatly  struggles,  and  the 
outcome  of  this  struggle  determines  the  course  of  the  evolution  of 
the  whole.  Now  in  biological  science  nearly  tbe  whole  advance  has 
heretofore  been  by  study  of  the  external  and  more  easily  understood 
phenomena,  thus  clearing  the  ground  and  gathering  material  for  attack 
on  the  interior  fortress,  and  tbe  ne;tt  greitt  advance  must  be  through 
better  knowledge  of  tbe  vital  forces  themselves.  The  same  is  true  of 
geology.  Nearly  all  the  proffresH  has  heretofore  been  by  the  study  of 
the  exterior  phenomena,  such  as  erosion,  transportation,  sedimentatiou, 
stratification,  distribution  of  organic  forms  in  simce,  and  their  snci-es- 
sion  in  time,  etc.  Many  of  tbe  laws  of  these  phenomena  have  already 
been  outlined,  and  progress  to-day  is  mainly  in  filling  in  and  complet- 
ing this  outline;  but  tlie  next  great  step  muse  be  through  a  better 
knowledge  of  tbe  interior  forces.  This  is  .jnst  what  geological  sidence 
is  waiting  for  to-day.  Now  the  first  step  in  this  direction  is  a  clear 
statement  of  tbe  problems  to  be  solved.  Tbe  object  of  this  address  is 
to  contribute  something,  however  small,  to  sncb  clear  statement. 

EFFECTS  OF   INTBBIOB  POBCE8. 

As  the  interior  of  the  earth  is  inaccessible  to  direct  observation,  we 
can  reason  concerning  interior  forces  only  by  observation  of  their  effects 
on  the  surface.  Now  these  eflects,  as  usually  treated,  are  of  three  main 
kinds:  (1)  Volcanoes,  including  all  eruptions  of  material  from  the  inte- 
rior; (2)  earthquakes,  including  all  sensible  movements,  great  and 
small;  (3)  gradual  small  movements  affecting  large  areas,  imperceptible 
to  the  senses,  but  accumulating  through  indefinite  time. 

It  is  certain  that  of  these  three  the  last  is  by  far  the  most  funda- 
mental and  important,  being,  indeed,  the  cause  of  the  other  two.  Vol- 
canoes and  earthquakes,  although  so  striking  luid  conspicuous,  are 
probably  but  occasional  accidents  in  the  slow  march  of  these  grander 
movements.  It  is  only  of  these  last,  therefore,  that  we  shall  now  speak. 
KINDS  AND  GRADES  OP  EARTH-OKUST  MOVEMENTS. 

The  movements  of  the  earth's  crust  determined  by  interior  forces  are 
f  four  orders  of  greatness :  (1)  Those  greatest,  most  eztenatve,  aud 
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probably  primitiTe  tnovemeDts  by  whicli  oceanic  basins  and  continental 
masses'vere  first  differentiated  and  afterwards  developed  totheirjires- 
eDtcoDdition;  (2)  thonemoTeinents  by  lateral  thrust  bywliichmouutain 
ranges  were  formed  and  continaed  to  grow  until  balanced  by  exterior 
erosive  forces;  (3)  certain  moTements,  often  over  large  areas,  bnt  not 
cootiDUons  in  one  direction,  and  therefore  not  iiideiiiiitely  cumulative 
like  tbe  two  preceding,  bat  oscillatory,  first  in  one  directiou,  then  in 
another,  now  upward  and  then  downward;  (4)  movements  by  gravita- 
tive  rea^astment,  determined  by  transfer  of  load  from  one  place  to 
another.  Perhaps  this  last  does  not  belong  strictly  to  pure  interior  or 
earth-derived  forces,  since  the  transfer  of  load  i»  probably  always  by 
exterior  or  sun-deriveil  forces.  Neveriiheless  they  are  so  import^ant  as 
modifying  tbeeffectsof  other  movements,  and  have  so  important  a  bear- 
ing on  the  interior  condition  of  the  eari;b  that  they  can  not  be  omitted 
in  this  connection. 

Now  of  these  fonr  kinds  and  grades  of  movement  tbe  first  two  are 
primary  and  continuous  in  tbe  same  direction,  and  therefore  cnmulatiTe, 
until  balanced  by  leveling  agencies.  The  other  two,  on  tbe  contrary, 
are  not  necessarily  continuous  in  the  same  direction,  but  oscillatory. 
They  are,  moreover,  secondary  and  are  imiiosed  on  the  other  two  or 
primary  movements  as  modifying,  obscuring,  and  often  even  completely 
masking  their  effects.  This  important  point  will  be  brought  out  as  we 
proceed.  We  will  take  op  these  movements  successively  in  the  order 
indicated  above. 

1.  OCEAN  BASIN-HAKINO  MOVEHBMTS. 

I  have  already  given  my  views  on  this  most  fundamental  question 
very  briefly  in  my  "Elements  of  Geology,"  a  little  more  fully  in  my  first 
paper,  "Origin  of  Earth  Features," '  and  in  my  memoir  of  Dana.'  I  give 
it  still  more  fully  now. 

We  may  assume  that  the  earth  was  at  one  time  an  incandescent,  fnsed 
spheroid  of  much  greater  dimensions  than  now,  and  that  it  gra<lually 
cooled,  solidified,  and  contracted  to  its  present  form,  («nditiou  and  size. 
Now  if  at  the  time  of  its  solidification  it  had  been  i>erfectly  homogeneous 
in  compoBition,  in  density,  and  in  condu(^ttvity  in  every  part,  then  the 
cooling  and  contraction  would  have  been  equal  on  every  radius,  and  it 
would  have  retained  its  perfect,  evenly  spheroidal  form;  but  such 
absolute  homogeneity  in  all  parts  of  so  large  a  body  would  be  in  the 
last  degree  improbable.  If,  then,  over  some  large  areas  the  matter  of 
the  earth  were  denser  and  more  conductive  than  over  other  large  areas, 
the  former  areas,  by  reason  of  their  greater  density  alone,  would  sink 
below  tbe  mean  level  and  form  hollows;  for  even  in  a  solid — mucb 
more  in  a  semi-liquid,  as  the  earth  was  at  that  time — there  must  have 
been  Btatac  eqaillbrinm  {isoatasy)  between  such  large  areas.  This  would 
be  the  beginning  of  oceanic  basins;  bat  tbe  inequalities  from  this  cause 

'Am.  Joar.  Sci.,  1ST2. 
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alone  woald  i)robably  be  very  Koaall  but  for  tbe  concurrence  of  another 
aud  niucU  greater  i^ause,  viz,  the  greater  coiiduelivity  of  tlie  same  areaB. 
Conductivity  is  not,  indeed,  strictly  proportional  to  destiny;  bat  in  a 
genera)  way  it  is  so.  It  is  certain,  therefore,  that  tbe  denser  areas 
■would  be  also  tlie  more  conductive,  aud  therefore  the  more  rapidly 
cooling  and  c:>BtractiMg  areas.  This  would  agnin  increase,  and  in  this 
case  progressively  increase,  the  depression  of  the>e  areaa.  The  two 
causes— destiny  and  conductivity,  tsostasy  aud  contraction — would  con- 
cur, but  the  latter  would  be  far  tbe  greater,  because  indefinitely  cnnia- 
lative.  The  originally  evenly  spheroidal  lithosphero  would  Ihns  be 
deformed  or  distorted,  and  the  distortiou,  fixed  by  solidification,  would 
he  continually  increased  until  now.  When  the  earth  cooled  sufficiently 
to  precipitiito  atniosjiheric  vajyor  the  watery  envelope  thus  formed 
would  accunuilate  in  the  basins  of  the  lithosphere  and  form  the  oceuis. 
It  is  possible,  and  even  probable,  that  the  depressiona  were  at  first  so 
shallow  that  the  primeval  ocean  may  have  been  universal,  but  the  proc- 
ess of  greater  downward  contractimi  continuing,  the  ocean  basins 
would  become  dee[>er  aud  the  less  contracted  portious  of  the  lithosphere 
would  apjiear  as  land.  The  process  still  continuing,  the  laud  would 
grow  higher  aud  more  extensive  and  the  ocean  basins  deeper  and  leas 
extended  throughout  all  goological  time.  On  the  whole,  in  spite  of 
many  oscillations,  with  increase  and  decrease  of  land,  to  be  spoken  of 
later,  aud  in  sjiite,  t«o,  of  exterior  agencies  by  eiosion  and  sedimentA^ 
tion  tending  constantly  to  counteract  these  effects,  such  has  been,  I 
believe,  the  fact  throughout  all  geological  history. 

It  is  e%ident,  also,  that  on  this  view,  since  the  same  causes  which 
originally  fornieil  the  ocean  basins  have  continued  to  operate  iu  the 
same  places,  the  iKtsitions  of  these  greatest  ineqoalities  of  the  litho- 
sphere have  not  substantially  changed.  This  is  the  doctrine  of  the 
Itermaneucy  of  oceanic  basins  aud  contiuenta)  masses,  first  Hnnounced 
by  Dana.  Some  modilication  of  this  idea  will  come  up  under  another 
head. 

The  obiection  which  may  be — which  has  been — raised  against  this 
view  is  that  such  heterogeneity  as  is  here  supposed,  in  a  fused  mass 
and  therefore  in  a  mass  solidified  from  a  state  of  fusion,  is  highly 
improbable,  not  to  say  impossible.  This  objection,  I  believe,  will  dis- 
npiK>ar  wht'u  we  remember  the  very  small  differences  in  conductivity, 
and  then'foro  in  contraction,  that  we  are  here  dealing  with;  small,! 
nit'an,  in  coniparison  with  the  size  of  tbe  earth.  This  is  evident  when 
we  consider  Iho  iutniualities  of  the  earth's  surfac'e.  The  mean  depth 
of  the  ocean  is  about  L'.l  miles;  the  mean  height  of  the  land  about  J  of 
a  mile.  The  mean  ineqnality  of  the  lithosphere,  therefore,  is  less  than 
Smiles.  This  is  ,  ,,',7.,  of  the  radius  of  the  earth — less  than  i^o  of  an  inch 
(an  almost  im|>en-oplible  <inantityt  in  a  globe  :!  feet  in  diameter.  I 
Wli»>ve  that  a  jwrfei't  splu'nyidal  Imll  of  plastic  clay  allowed  to  dry,  or 
even  »  spheii>idat  ball  of  reil-hot  'cop|H.'r  allowed  to  cool,  woold  show 
more  defornatiou  by  contraction  thiui  the  lithospete  of  the  ewth  in  its 
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[veseiit  conditioD.  It  is  true  tbe  ineqnalitieB  are  more  acceotnated  in 
some  places,  e8i>ecial]y  on  tbe  margins  of  the  continental  areas ;  bnt 
this  is  doe  to  another  oaaee,  iDOnntain  making,  to  be  taken  np  later. 

Another  objection  will  donbtlesa  occnr  to  the  tboagbtliil  geologist. 
It  would  seem  at  first  sight  on  this  view  that  ocean  areas  cooling  most 
rapidly  onght  to  be  the  firat  to  form  a  solid  crust,  and  the  crust  (if 
there  be  any  interior  liquid  still  remaining)  ought  to  be  thickest,  and 
therefore  least  sabject  to  volcaaic  activity,  there ;  but,  on  the  contrary, 
we  find  that  ic  is  jnst  in  these  areas  that  volcanoes  are  moat  abundant 
and  active.  It  is  for  this  reason  that  Dana  believed  that  litnd  nreas 
were  the  first  and  ocean  areas  the  last  to  crust  over.  Tbis  is  ]irobably 
trae;  but  a  little  reflection  wilt  show  that  these  two  iacts — namely,  the 
earlier  cmstiug  of  the  land  areas  and  the  more  rapid  cooling  and  con- 
traction of  the  ocean  areas — are  not  inconsistent  with  one  another;  for 
the  more  conductive  and  rapidly-cooling  areas  wonld  really  be  the  last 
to  crust,  because  surface  solidification  would  be  delayed  by  the  easy 
transference  of  heat  iVom  below,  while  tbe  less  conductive  land  areas 
would  certainly  be  tbe  first  to  crust,  because  the  noncouductivity  of 
these  areas  would  prevent  the  access  of  heat  from  below.  Observa- 
tion of  lavas  proves  this.  The  most  vesicalar  and  uoncondnctive 
lavas  are  the  soonest  to  cmst,  but  for  that  very  reason  the  slowest  to 
cool  to  great  depths. 

No  doubt  many  other  objections  may  be  raised,  especially  if  we 
attempt  to  carry  ont  the  idea  into  detail;  for  the  physical  principles 
involved,  and  e8i>ecially  tbe  conditions  under  which  they  acted,  are  for 
too  complex  and  imperfectly  nnderstoud  to  atlmit  of  such  detaiL  It  is 
safest,  therefore,  to  confine  ourselves  to  the  mo;st  general  statement. 

It  may  be  well  to  stop  a  moment  to  compare  with  the  alwve  view  that 
of  Dana,  as  interpreted  and  clearly  presented  by  (iilbert  in  1893.'  (1) 
According  to  this  view  the  earth  is  supjiosed  to  have  at  first  solidi- 
fied at  the  center.  This,  on  the  whole,  seeiua  most  probable.  (2)  The 
investing  liquid,  s^  from  oO  to  100  miles  thick,  might  well  be  supposed 
to  arrange  itself  in  layers  of  increasing  density  from  the  surface  to  the 
solid  imcleus,  Ifow  suppose  for  any  cause,  less  conductivity  or  other, 
certain  areas  crusted  on  the  surface,  Tliese  crusts  would,  of  course, 
consist  of  the  lighter  superficial  portions;  hut  since  rocks  contract 
in  the  act  of  solidification,^  these  solidified  cmsta  would  sink  to  the 
nucleus  and  be  replaced  by  similar  lighter  material  flowing  in  from  the 
nuTonnding  surface,  which  in  turn  would  solidify  and  sink.  Thus 
voqM  t>e  built  up  from  the  nucleus  below  a  solid  mass  consisting  only 
of  the  superficial,  lighter  material,  to  form  the  land,  while  the  denser 
and  less  rapidly  crusting  material  would  form  the  ocean  nreas.  As  in 
my  view,  therefore,  the  oceanic  areas  are  the  denser  and  the  land  areas 
the  lighter  material. 

'  Ball.  GeoL 8o«.  Am.,  vol.  4, 1R93, pajia  179- 
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'It  ia  evident  that,  according  to  either  view,  bat  especially  according 
to  mine,  the  material  of  the  ocean  basin  areas  down  to  the  center  of  the 
earth  must  be  as  much  denser  thau  the  material  of  the  laud  areas  down 
to  the  center  an  tiio  subocean  radii  are  shorter  than  the  subcontinental 
radii,  and  therefore  that  the  two  areas  must  be  iu  perfect  static  eiiuilib- 
Hum  with  one  another.  Thus  in  theformation  of  coutlnents  the  claims 
of  isostasf  are  completely  satisfied.  I  say  completely,  becanso  this  is 
not  a  partial  equilibrium  resisted  by  rigidity  but  enforced  by  pressure; 
it  is  original  and  without  stress. 

2.   MOUNTAIK-MAKWU   NOVKKEMTH. 

I  have  so  recently  discussed  this  subject '  that  I  sliall  have  littlo 
more  to  say  now.  Mountain  ranges  are  of  two  types,  namely,  tbe 
anticlinal  or  typical  and  the  nionoclinal  or  exceptional.  The  one  iire 
mountains  of  folded  structure,  determined  by  lateral  thrust,  tlie  other 
of  simpler  structure  and  det«rniined  by  unequal  settling  of  great  crust 
blo<:ks.  It  is  only  of  the  former  that  I  shall  si»eak  now.  The  other  or 
monoclinal  type  will  come  up  uuder  another  head. 

It  will  not  be  questioned  that  mountain  ranges  of  the  first  type  are 
formed  by  lateral  tlirnst,  however  much  we  may  differ  ns  to  the  cause 
of  such  thrust;  nor  will  it  be  questioned  that  they  are  permaneut 
features  determined  by  continnons  movement,  however  much  they  may 
be  modified  by  other  kinds  of  movement  or  reduced  or  even  destroyed 
by  subsequent  erosion.  I  have  placed  them,  therefore,  »mong  tlie 
effects  of  primary  movements — that  is,  movements  determined  by  causes 
ad'cctiug  the  whole  earth.  I  have  done  so  because  until  some  more 
rational  view  shall  be  proposed  I  shall  continue  to  hold  that  they  are 
the  efiects  of  interior  contraction  concentrated  uixm  certain  lines  of 
weakness  of  the  crust  and,  therefore,  of  yielding  to  the  lateral  thrust 
thus  generated.  The  reason  for,  as  well  as  the  objections  to,  this  view 
I  have  already,  on  a  previous  occasion,  fully  dtscusseil.  I  wish  now 
only  to  snpplenient  what  I  have  before  said  by  some  further  criticismH 
of  the  most  recent  and,  some  think,  the  most  potent  objections  to  this 
contractional  theory,  namely,  that  derived  from  the  supposed  position 
of  the  "  level  of  no  strain." 

It  is  admitted  that  the  whole  force  of  this  objection  is  based  on  the 
extreme  superficiality  of  this  level,  and  that  this,  in  its  turn,  depends 
on  the  initial  temi)erature  of  the  incandescent  earth  and  the  time 
elapsed  since  it  began  to  cool.  Both  these  are  admitted  to  be  very 
uncertain.  I  have  already  discussed  these  in  my  previous  paper  aail 
shall  not  repeat  here;  but,  as  recently  shown  by  Davison,*  there  are 
still  other  elements,  entirely  left  out  of  account  in  previous  calculations, 
which  must  greatly  affect  the  result,  and  these  new  elements  all  coDcnr 

'Preaideiit'anfldrcRB,  Am.  Asso,  AiIr.ScL,  Modiaon  meeting,  1893. 
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to  place  the  level  of  no  Btrain  much  deeper  than  previous  calculationB 
vonld  make  it. 

These  neglected  elements  are  the  following:  (1)  The  earth  iDcreaaes 
ID  temi>ei'»ture  as  we  go  down.  Now,  the  coefficient  of  contraction 
increases  with  temperature.  This  would  increase  the  depth  of  the  level 
of  no  strain,  and  also,  of  coarse,  the  amonnt  of  iuterior  contractioD, 
and,  therefore,  the  lateral  thrust.  (2)  The  conductivity  increases  with 
the  temperatnre.  This  also  would  Increase  the  rate  of  cooling  and, 
therefore,  of  interior  contraction.  (3)  The  interior  of  the  earth  is  more 
conductive  not  only  ou  acconnt  of  its  greater  temperatnre,  but  also  on 
accoant  of  its  greater  density;  and  thiswonld  be  true  whether  the 
greater  density  be  due  to  increased  pressure  or  to  difference  of  material, 
as,  for  example,  to  greater  abundance  of  unoxidized  metals.  (4)  The 
materials  of  the  interior,  aside  from  greater  temperature  and  density, 
have  a  higher  coefficient  of  contraction.  (5)  Tlie  nsual  calcnlations  go 
on  the  assumption  that  the  initial  temperatnre  was  uniform  for  all 
depths.  It  probably  increased  with  the  depth  then  as  now.  This  would 
^aitt  increase  in  an  important  degree  both  the  depth  of  the  level  of  no 
strain  and  the  amount  of  lateral  thrust. 

The  final  result  reached  by  Davison  is,  that  while  according  to  the 
Dsuul  calculations  the  level  of  no  struin  may  be  only  a  little  over  two 
miles  (2.17)  below  the  surface,  yet,  taking  into  account  only  the  first 
element  mentioned  above,  the  depth  of  that  level  would  be  increased 
to  nearly  eight  miles  (7.79),  and  taking  into  account  all  the  elements  it 
would  come  out  many  times  greater  still.  The  general  conclusion 
arrived  at  is  that  the  objections  to  the  contractional  theory,  based  on 
the  depth  of  the  level  of  no  strain,  must  be  regarded  as  invalid. 

3.   oeCILLATORY   MOVKMKNTS. 

The  movements  thns  far  considered  are  coutinuooaly  progressive  in 
one  direction  as  lung  as  they  last.  Tlie  resulting  features  are  therefore 
permanent,  except  in  so  far  as  they  may  be  modified  by  other  move- 
ments or  by  degrading  influences;  but  nothing  is  more  certain  than 
that  iK'sides  these  more  steady  movements  there  have  been  others  of  a 
more  oscillatory  character— that  is,  upward  and  downward — in  the 
same  place,  affecting  now  smaller,  now  larger  areas,  and  often  many 
times  repeated.  These  are  the  most  common  of  all  crust  movements, 
and  are  shown  everywhere  and  in  all  periods  of  the  earth's  history  by 
unconformities  of  the  stratified  series.  Every  line  of  unconformity 
marks  au  old  eroded  land  surface,  and  every  conformable  series  of 
strata  a  sea  bottom  receiving  sediments.  We  give  but  two  striking 
examples  of  such  oscillations. 

The  Colorado  plateaa  was  a  sea  bottom,  continoonsly,  or  nearly  so, 
from  the  beginning  of  the  Carboniferous  to  the  end  of  the  Cretaceous, 
and  during  that  time  received  about  12,000  or  15,000  feet  in  thickness 
of  sediments.    Daring  the  whole  of  this  time  the  area  of  the  earth's 
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crust  was  slowly  Binking  and  thus  coDtiiiually  renewing  the  conditions 
of  sedimentation.  Why  did  it  subside!  At  the  end  of  the  Oretac^ius 
the  same  area  began  to  rise.  What  change  of  conditions  caused  it  dov 
to  rise  t  It  hiis  continued  to  rise  until  tbe  iiresent  time,  and  is  Estill 
rising.  The  vhole  amount  of  rise  can  not  be  less  than  20,000  feet;  for 
if  nil  the  strata  which  have  been  removed  by  erosion  were  atr-iin 
restored,  the  liighest  portion  of  the  arch  which  was  sea  bottom  at  the 
end  of  the  Cretaceous  would  now  be  20,000  feet  high.  This,  b«wcv-er, 
is  oidy  the  last  oscillation  of  this  area,  for  beneath  the  Carbonifeniiis 
there  arc  several  unconformities  shuwiug  several  oscillations  of  the 
same  kind  in  earlier  periods.  During  the  Devonian  tbe  area  was  laud, 
for  the  Carboniferous  rests  uncomformably  on  the  Silurian.  During  the 
Silurian  it  was  sea  bottom,  receiving  sediments  of  that  time.  Beneath 
the  Silurian  there  are  two  other  uncomformities  showing  similar  oscil- 
lations. These  earlier  oscillntions  were  probably  a.s  great  as  the  one 
now  going  on,  but  we  can  not  measure  tliem  as  we  can  the  last. 

Another  striking  example,  still  more  recent  and  widespread,  is  the 
enormoHS  oscillations  of  tbe  Glacial  period.  It  can  not  be  doubted  that 
over  very  wide  areas — several  millions  of  square  miles — there  were  at 
that  time  upward  and  downward  movements  of  several  thousand  feet, 
and  therefore  producing  enormous  changes  in  physical  geography  and 
climate.  What  was  the  cause  of  these  movementsT  They  were  doubt- 
less moditied,  as  will  be  shown  later,  by  other  movements  superimposed 
on  them :  but  tlie  causes  of  the  latter  must  not  be  confoundeil  with  that 
of  the  former. 

We  have  given  only  two  striking  examples,  but  they  are  really  the 
commonest  of  all  crust  movements.  They  are  everywhere  markeil  by 
unconformities  of  the  strata ;  they  are  everywhere  going  on  at  the  pres- 
ent time.  In  some  places  the  sea  is  atlvanciugon  a  subsiding  land;  iu 
others  a  rising  land  is  advancing  on  the  sea.  These  movements  are 
more  conspicuous  along  coast  lines,  because  the  sea  is  a  datum  level  by 
which  to  measure  them,  but  tliey  affect  equally  tbe  interior  of  conti- 
nents, as  shown  by  the  behavior  of  the  rivers,  which  seek  their  base 
level  by  erosion  in  a  rising  and  by  sedimentation  in  a  sinking  country. 

Many  theories  have  been  advanced  to  explaiu  these  movements, 
especially  of  certain  very  local  shoreline  movements.  In  volcanic 
regions  Hiey  have  been  attributed  to  rise  or  recession  of  the  volcanic 
heat  and  consequent  columnar  expansion  or  contraction  of  the  crust 
On  nonvolcanic  sedimentary  shore  lines  elevation  has  been  attributed 
by  some  to  the  rise  of  the  interior  heat  of  the  earth  and  consequent 
expansion  of  the  crust  produced  by  the  blanketing  effect  of  sedimen- 
tary deposit;  while  others,  with  more  reason,  think  that  regions  of 
heavy  aedimentiition  sink  under  the  increasing  load  of  accumulating 
sediments;  but  it  is  evident  that,  while  such  theories  may  explain  some 
local  examples  in  volcanic  regions  iind  along  Komc  shore  linos,  they  can 
not  Axnio^in  subsidences  iu  the  Interior  of  continents,  much  less  tbe 
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wider  and  more  extensive  movements  sjwkea  of  above.    We  muRt  look 
for  some  more  general  cause.     Wliat  is  iti 

It  moHt  be  coiiferised  that  the  caase  of  tliese  oscillatory  movements  is 
the  most  inexplicable  problem  in  geology.  Not  the  sliglite^t  glimmer 
of  light  has  yet  been  shed  on  it.  I  bring  forward  the  problem  here,  not 
to  solve  it,  for  I  confess  my  inability,  bnt  to  differentiate  it  from  other 
problems,  and  especially  to  draw  atteutioD  to  these  movements  as  mod- 
ifying the  effects  of.  movements  of  the  first  kind,  and  often  so  greatly 
modifying  them  as  to  obscure  the  principle  of  the  permanency  of  oceauic 
basins  and  continental  areas,  and  even  to  cause  many  to  deny  its  truth. 
Nearly  all  the  changes  in  physical  geography  in  geological  times,  with 
their  conseciuent  changes  in  climate  and  in  the  character  and  distribu- 
tion of  organic  forms — in  fact,  nearly  all  thedetailsof  the  history  of  the 
earth — have  been  determined  by  these  oscillatory  movements;  but 
amid  all  these  oscillatory  changes,  sometimes  of  enormous  amount  and 
eitent,  it  is  believed  that  the  places  of  the  deep  oceanic  basins  and  of 
the  continental  masses,  being  determined  by  other  and  more  primary 
caases,  have  remained  substantially  the  same. 

4.    MOVEMENTS   BY   OBAVITATIVK   BKAJMUBTMENTe — ISOSTASY. 

This  very  important  i)rincipl6  which,  though  partially  recognized  by 
Herschell,  was  first  clearly  enunciated  by  Major  Dutton  under  the  name 
isostasy.'  The  principle  may  be  briefiy  stated  thus :  In  so  large  a  mass 
as  the  earth,  whether  liquid  within  or  solid  throughout  it  matters  not, 
eicess  or  deficit  of  weight  over  large  areas  can  not  exist  permanently. 
The  earth  most  gradually  yield  fiuidally  or  plastically  until  static  equi- 
librium is  established  or  nearly  so.  Thus  continuous  transter  of  mate- 
rial from  one  place  to  another  by  erosion  and  sedimentation  must  be 
att«nded  with  sinking  of  the  crust  in  the  loaded  and  rising  of  the  crust 
in  the  unloaded  area.  In  this  way  we  may  account  for  the  sinking  of 
the  crost  at  the  mouths  of  great  rivers  and  the  correlative  rising  of 
interior  plateaus  and  nearly  all  great  mountain  regions  observable  at 
the  present  time.  The  same  seems  to  have  been  true  in  all  geological 
times,  for  it  is  obviously  impossible  that  40,0U0  feet  of  sediments  could 
have  accamolated  in  the  Appalachian  region  in  preparation  for  the 
Appalachian's  birth  unless  there  were  continuous  pari  paanu  subsidence 
ever  renewing  the  conditions  of  sedimentation. 

Now,  there  can  be  no  doubt  as  to  the  value  of  this  principle,  bnt 
there  is  macb  doubt  as  to  the  extent  of  its  application.  The  operation 
of  exterior  causes,  such  as  transfer  of  load  by  erosion  and  sedimenta- 
tiou,  are  »>  com[>aratively  simple  and  their  effects  so  easily  understood 
t^at  we  are  tempted  to  push  them  beyond  their  legitimate  domain, 
which  in  this  case  is  to  supplement  and  modify  the  more  fundamental 
movements  derived  from  interior  causes.  We  are  thus  tempted  to  gen- 
eralize too  hastily  and  to  conclude  that  all  subsidence  is  due  to  weight- 

I  Phil.  Soci«tf  of  WMbiugioii,  1692. 
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ing  and  all  elevatioD  to  removal  of  weight.  Probably  thin  is  a  trae 
cauae,  but  not  tlie  maiu  canse  of  auch  movetiieBts.  Doabtlesa  the  prop- 
OBitiOD  is  trno,  but  its  converse  is  even  much  more  so.  It  is  certoin 
that  thick  Bcdimenta  may  cause  subsidence,  but  it  is  much  more  certain 
that  subsideuce,  however  determiiie<l,  will  canne  continuous  eediroenta. 
tion  by  ever  renewing  the  couditions  of  sedimoutatioD.  It  is  true  that 
removal  of  weight  by  erosion  will  uause  elevation,  but  it  is  more  cer- 
tain that  elevation  is  the  canse  of  removal  of  matter  by  erosion. 

Take  again  the  Plateau  region  as  an  example.  We  have  seen  that 
during  the  whole  Carboniferous,  Permian,  Triassic,  Jarassic,  and  Cre- 
tnceoas  times  this  region  was  subsiding,  until  at  the  end  of  the  Creta- 
ceous the  earth's  crust  here  had  bent  downward  12,000  or  15,000  feet 
Shall  we  say  it  went  down  under  the  increasing  load  of  sedimeutst 
Why,  then,  did  it,  ftom  a  previous  land  condition,  ever  commence  to 
subside)  And  why,  when  the  loud  was  greatest,  namely,  at  the  end 
of  the  Cretaceous,  did  it  begin  to  riset  Again,  from  that  time  to  tbis 
it  has  risen  20,000  feet.  Of  tbis,  about  12,000  feet  have  been  removed 
by  erosion,  leaving  still  8,000  feet  of  elevation  remaining.  Now,  if  this 
elevation  be  the  result  of  removal  of  weight  by  erosion,  how  is  it  that 
a  removal  of  12,000  feet  has  caused  an  elevation  of  20,000  feetl  Tliig 
result  is  natural  enough,  however,  if  elevation  was  the  cause  and  ero- 
sion the  effect,  for  the  effect  ought  to  lag  behind  the  cause.  It  is  evi- 
dent, then,  that  we  must  look  elsewhere — that  is,  in  the  interior  of  the 
earth — for  the  fundamental  cause,  although,  indeed,  the  effects  of  tUiH 
interior  canse  may  be  increased  and  continued  by  the  addition  and 
removal  of  weight. 

But  perhaps  the  best  illustration  of  the  distinctness  of  the  two  kinds 
of  causes  of  these  movements  is  found  in  the  oscillations  of  the  Quater- 
nary period.  I  say  best  because  in  this  case  the  effects  of  the  two  may 
be  disentangled  and  viewed  separately,  and  this  in  its  turn  is  iwssible 
because  the  loading  in  tbis  case  is  not  by  mere  transfer  from  one  place 
to  another,  and  therefore  is  not  correlated  with  uidoading.  In  fact,  the 
elevation  in  tbis  case  is  associated  with,  and  in  spite  of,  loadiug.  The 
elevation,  as  we  all  kuow,  commenced  in  late  Tertiary  and  culmiuatt-d 
in  early  Glacial..  This  elevation  was,  at  least,  one  cause,  probably  tlie 
main  cause,  of  the  cold  and  the  ice  accumulation,  but  the  elevation  con- 
tinued in  spite  of  the  accumulating  load  of  ice.  Finally,  however,  the 
accumulating  load  prevailed  over  the  elevating  force  and  the  jirevionsly 
rising  ari'a  began  to  sink,  but  only  because  the  interior  elevatory  forces 
had  commenced  to  die  out.  Then  with  the  sinking  commenced  a  mod- 
eration of  the  climate,  melting  of  the  ice,  removal  of  loa<t,  and  conse- 
quent rising  of  the  crust  to  the  present  condition,  but  far  below  the 
previous  elevated  condition,  because  the  elevating  forces,  whatever 
these  were,  h:ul  in  the  meantime  exhausted  themselves.  If  it  had  uot 
been  for  the  interference  of  the  ice  load,  1  suppose  that  instead  of  the 
double  oscillation  which  actually  occurred  there  would  have  been  a 
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simple  carve  of  elevation  comia^  down  again  to  the  present  condition, 
bat  cnlminating  a  little  later  and  risiag  a  little  higlier  tban  we  actually 
find  it  did. 

The  qaestion  arises  as  to  how  great  an  area  is  necessary  for  the 
operation  of  tlie  principle  of  isoutasyl  What  extent  and  degree  of 
iaeituality  of  surface  may  be  upbeld  by  earth  rigidity  alonet 

Tike  recent  transcontinental  gravitation  determinations  by  Patnam 
and  their  interpretation  by  (iitberf  seem  to  show  a  degree  of  rigidity 
greater  than  previously  supposed.  Tbey  seem  to  show  that  while  the 
whole  continental  arch  is  certainly  sustained  by  ittostasy — that  is,  by 
deficiency  of  density  below  tbe  sea  level  in  that  part,  the  continental 
area  being  lighter  in  proiHirtion  as  it  is  higher — yet  great  mountain 
ranges  like  tbe  Appalachian,  Colorado,  and  Wasatch  mountains  show  no 
such  means  of  8u|>port,  but  are  bodily  upheld  by  earth  rigidity;  and 
even  great  plateaus,  like  tbe  Colorado  plateau,  375  miles  across,  are 
lai^ly,  though  not  entirely,  sustained  in  the  same  way. 

HONOCI.inA.L  HOtmTAlN  BANOE8. 

Until  recently  mountain  ranges  were  supposed  to  be  all  made  in  ooe 
way,  namely,  by  lateral  crushing  and  strata-folding  and  bulging  along 
the  line  of  yielding.  To  Gilbert  is  due  tbe  credit  of  having  first  drawn 
attention  to  another  type,  conspicuously  represented  only  in  tbe 
plateau  and  basin  region,  especially  tbe  latter — that  ts,  those  produced 
by  tilting  and  irregular  settling  of  the  crust  blocks  between  great  As- 
sores.  Tbe  two  types  of  mountains  are  completely  contrastetl  in  all 
respects.  As  to  form,  the  one  is  anticlinal,  the  other  monoclinal.  As 
to  caase,  the  one  is  formed  by  lateral  siiueezing  and  strata-folding,  tbe 
other  by  lateral  stretching,  fracturing,  block-tilting,  and  unequal  set- 
tling. As  to  place  of  birth,  the  one  is  born  of  marginal  sea  bottoms, 
tbe  other  is  formed  in  the  laud  crust.  Classified  by  form,  we  may 
Tegard  tlie  two  types  as  belonging  to  the  same  grade  of  earth  features, 
namely,  mountain  ranges;  but  classifleil  by  their  generating  forces, 
they  belong  to  entirely  difl'ereut  groups  of  earth  movement.  The  one 
belongs  to  tbe  second  group  mentioned  aliove,  the  other  to  tbe  third 
and  fourth  groups;  for  the  plateau-lifting,  crust-aicbiug,  and  conse- 
quent tension  and  fracturing  belong  to  the  third  grouper  oscillatory 
movements,  but  tbe  mountain-making  proi>er — that  is,  tbe  subsequent 
bbck-tilting  and  unequal  settling — belongs  to  the  fourth  group  or 
isoBtasy,  for  that  is  wholly  the  result  of  isostatic  readjustment  and  is 
one  of  the  best  illustrations  of  this  principle.  It  shows  on  what  com- 
paratively small  scale  nnder  favorable  conditions  (probably  unstable 
foundation)  tbe  principle  of  isostasymay  ivct.  It  is  evident,  then,  that 
it  is  impossible  to  exaggerate  the  distinction  between  these  two  types 
of  mountains.     They  belong,  as  we  have  seen,  to  entirely  different 

'Gilbert,  Pbil.  Sor.  Wash iOKton,  vol.  13,  in»5,  page  31;  Gilbert,  Joar.  Geology,  vol. 
3, 1096,  page  331;  O.  Pieher,  Natnre,  vol,  52, 1895,  page  133.  ,-.  , 
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categories  of  luterior  forces,  and,  indeed,  are  not  bolh  mountains  in  the 
same  seuse  at  all.  It  was  for  this  reason  that,  in  my  paper  on  monn- 
tain  strnetut'e,'  I  put  these  latter  in  the  category  of  mountain  ridges 
instead  of  mountain  ranges — of  modification,  not  of  formation.  I  now 
think  it  better  to  divide  mon.ntain  ranges  into  two  types,  not  forget- 
ting, however,  the  very  great  distinction  between  them. 

COHCLDSIONS. 

To  sum  up,  then,  in  a  few  words:  There  are  two  primary  and  iter- 
manent  kinds  of  crust  movemeuts,  ntimely:  (a)  Those  which  give  rise 
to  those  greatest  JnequalitieH  of  the  eartii'a  surface — oceanic^  basiiis  and 
continental  surfaces;  and  {b]  those  which  by  interior  contraction  deter- 
mine mountains  of  folded  structure.  These  two  are  wholly  determined 
by  interior  forces  afi'ecting  the  earth  as  a  whole,  the  one  by  unequal 
radial  contraction,  the  other  by  unequal  coucentric  contraction;  tbat 
is,  contraction  of  the  interior  more  than  the  exterior.  There  are  also 
two  secondiiry  kinds  of  movement,  which  modify  and  often  mask  the 
eS'ecte  of  the  other  two  and  confuse  our  interpretation  of  them.  These 
are :  (c)  Those  oscitlatory  movemcuts,  often  affecting  large  areata,  which 
have  been  the  commonest  and  most  conspicuons  of  all  movements  in 
every  geological  period,  and  are,  indeed,  the  only  ones  distinctly  observ- 
able and  measureable  at  the  present  time,  but  for  which  no  adequate 
cause  has  been  assigned  and  no  tenable  theory  proposed ;  aud  (d)  iso- 
Btatic  movements  or  gravitative  re8dju8tment8,by  transfer  of  load  from 
place  to  pla4:e,  by  erosion  and  sedimentation,  or  else  loadingand  unload- 
ing by  ice  accumulation  and  removal,  and  also  by  readjustment  of  great 
crust  blocks.  If  the  previous  one  {c)  or  oscillatory  movements  have 
masked  and  so  obscured  the  effects  of  (»)  continent  and  ocean  basin- 
making,  this  last  (d),  isostasy,  has  concealed  the  effects  and  obscured 
the  interi>i'<:tation  of  all  the  others,  but  es|>ecialty  of  {b  and  v)  mountain- 
making  forces  and  the  forces  of  oscillatory  movements.  In  fact,  in  the 
minds  of  some  recent  writers  it  has  well-nigh  monopolized  the  whole 
field  of  crust  movements.  We  shall  not  make  secure  progress  until  we 
keep  these  several  kinds  of  movemente  and  their  causes  distinct  in  our 
minds. 

'Aiu.  Jour.  Sci,,  vol.16, 1HT8,  page  95. 
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By  J.  I'.  Thomsow,  F.  E.  S.  G.  ! 


In  an  anniversary  address  of  tliis  kind,  it  seems  to  me  a  first  daty  to 
acknowledge  bow  deejtly  sensible  I  am  of  the  bonor  yoa  were  pleased 
to  confer  npon  me  by  unanimoasly  electing  me  to  tlie  distinguished 
position  of  president  of  tbis  society  at  last  annaal  meeting.  True  it  is 
that  since  tbe  foundation  of  tbe  society  I  had  always  endeavored  to 
further  tbe  interests  of  onr  cause  in  every  possible  way  during  many 
years  of  actual  self-denial,  as  honorary  secretary,  and  there  was,  indeed, 
a  time  during  an  earlier  period  of  our  history  when  tlie  secretarial 
duties  were  combined  with  tboseof  treasurer  and  librarian.  But  these 
labors  were  lightened  and  enlivened  by  tbe  love  and  enthusiiism  that 
inspired  them,  by  the  support  of  a  few  x>6rsoual  friends,  and  by  the 
hope  tbat  my  adopted  country  and  its  rising  generation  would  be  ben- 
efited, both  educationally  and  commercially,  by  a  well-established 
national  iustitotion  for  tbe  collation  and  dissemination  of  geographical 
knowledge.  That  my  fondest  hopes  were  not  altogether  in  vain,  nor 
tbedfTorts  so  cbeerfblly  given  fmitless  is,  I  think, clearly  enough  shown 
by  the  recognized  position  we  now  occupy  among  the  scientitic  and 
literary  institntions  of  tbe  world,  and  by  the  splendid  collections  of 
valuable  books  and  maps  with  which  our  library  shelves  are  enriched. 
To  the  honest  hiborer  for  love,  whether  physical  or  mental,  no  other 
recompense  is  looked  for  than  an  inward  consciousness  of  endeavoring 
to  do  good.  Still,  in  the  case  of  ourselves,  we  may  fairly  claim  that  our 
efforts  have  been  amply  justified  by  results.  It  seems  to  be  a  custom, 
sanctioned  by  usage,  tbat  the  president  of  a  society  such  as  ours  should 
have  conceded  to  him  the  privilege  of  delivering  an  address  to  the 
members  at  the  end  of  his  term  of  office.  That,  in  fact,  apiiears  to  be 
the  last  act  of  a  drama  in  which  he  has  had  to  play  the  leading  part — 
by  no  means  an  easy  one,  although  in  this  case  ])eciiliarly  pleasant. 
In  ray  own  case  it  must  be  confessed  tbat  a  difBculy  was  experienced 
in  the  choice  of  a  suitable  subject,  not  but  that  there  are  scviral  impor- 
tant and  even  interesting  ones,  more  or  less  coonectetl  with  the  depart- 

'  AildrsHS  to  tlie  Royal  Geographiciil  Society  of  AiiHtrulasia,  Brisbuuo,  .luly  22, 1895. 
By  the  preHideDt,  J.  1>.  TbomaoD,  K.  It.  8.  G.  S.,F.  H.  So.{l.oiiil.).  Printeil  iu  Pro- 
ceediugB  uud  TranitacttoiiB,  Vol.  %. 
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lueDt  of  geoerapby,  iu  which  I  claim  to  take  a  deep  iiitdreet,  bat  it 
fleemed  to  nie  undesirable  to  retraverse  fields  already  occapied  by  my 
predece88orB.  At  one  time  a  presidential  address  waa  supposed  to  deal 
more  or  less  with  the  work  of  the  society  during  the  preceding  year, 
pointing  out  at  the  same  time  what  hsid  been  done  in  ita  particular 
department  in  other  parts  of  the  world,  with  a  plan  fur  future  opera- 
tiiins.  In  flomo  societies  the  practice  is  still  followed  out,  but  in  my 
own  ojiinion  the  wisdom  of  anch  a  custom  is  oi>en  to  doubt,  and  it  is 
well  to  consider  whether  it  is  not  better  to  deal  with  some  local  or  spe- 
cial Kubject,  leaving  the  operations  of  the  society  to  be  sunimamed  Id 
the  re|H)rt  of  the  council,  and  the  departmental  work  in  other  parts  of 
tlie  world  to  the  s^iccial  treatment  of  ttie  older  and  larger  societies. 
In  this  way  the  provincial  bodies  would  act  as  tenders  or  feeders  to  the 
parent  societies  in  Great  Britain  and  the  continent  of  Kuroi>e,  supply- 
ing them  with  trustworthy  local  material  for  the  department  of  national 
or  uuiverHal  geography.  Sucharecognized  plan  of  action  would  doabt- 
lesB  result  in  universjii  federation  of  workers  in  the  field  of  geograph- 
ical science.  It  would  also  lead  to  a  more  thorough  and  exhaastive 
treatment  of  the  various  departmental  subjects  than  tbey  at  present 
receive,  and  would  result  in  nniforndy  organized,  concerted,  and  sys- 
tematic action  iu  the  field  of  labor. 

On  this  occasion  I  shall  endeavor  to  follow  in  the  footste]ta  of  one  of 
my  distinguished  predecessors,  Sir  S.  "\V.  Griffith,  who,  iu  his  very 
learned  and  interesting  presideutial  address  to  this  soi-iety  in  l!<91, 
<lealt  w  itb  the  "  Political  Geograjihy  of  Australia." 

To  the  native  born,  and  to  tho.se  whose  homes  and  family  ties  natur- 
ally bind  lis  all  together  in  a  common  bond  of  union  under  the  Southern 
Cross  suid  the  other  beautiful  constellations  of  the  southern  sky,  there 
is  no  other  country  on  the  face  of  the  earth  so  dearly  beloved  as  Ans- 
tnilia.  None  is  certainty  more  important,  and  it  is  not  to  our  credit  as 
a  iieople  that  while  our  school  children  are  crammed  with  what  after 
all  is  only  a  snperlieial  and  inadequate  knowledge  of  all  other  parts  of 
the  world,  little  attention  is  given  to  our  own  country,  to  our  industries, 
or  to  onr  natural  and  artificial  lesonrces.  To  the  credit,  be  it  said,  of 
a  public- spirited  journal  the  subject  of  our  national  industries  has 
re«»ntly  reteivetl  special  treatment,  and  it  is  hoped  the  Courier,  to 
which  I  particularly  refer,  will  devote  cijual  time  and  attention  to  other 
phaw's  of  our  iiartially  or  wholly  undevelopetl  resources.  The  Physical 
(ieography  of  Australia  demands  fuller  treatment  than  it  has  hitherto 
receivi'd  by  any  society  of  this  kind,  for  while  we  arc  always  ready  and 
anxious  to  extend  onr  invesligations  over  wiile  and  remote  fields  the 
needs  of  onr  own  country  are  too  often  overlooked.  It  in  no  doubt  trae 
that  Hevcral  parts  of  the  interior  of  Australia  are  either  wholly  unknown 
or  but  imporretrtly  known.  Enormous  tracts  of  sterile  and  waterless 
coiiiiliy  have  hatllcd  the  efforts  of  many  travelers  to  investigate  the 
tii>  H,  and  it  in  only  quite  recently  that  several  Importaut  dis- 
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coveries  have  been  brnngtit  to  our  knowledge  throngli  the  enlightened 
and  patriotic  enterprise  of  two  South  Anatraliiui  gentlemen,  Sir  Tliomas 
Elder  and  Mr.  Home,  of  Adelaide,  who  with  praiHeworthy  liberality 
defrayed  the  cost  of  two  separate  aod  well-appointed  scictitiflc  expedi- 
tious to  Gentriil  Australia.  The  absence  or  scarcity  of  reliable  lofor- 
mation  concerning  the  more  remote  parts  of  tlie  continent  maynodonbt 
account  to  some  extent  for  the  little  attention  hitherto  bestowed  u^Ktn 
its  physical  geography  as  a  whole.  As  an  example  of  how  insignifi- 
cantly Australia  h«s,  antil  very  recent  years,  been  i-egarded  by  intel- 
ligent and  well-iuformed  Europeans,  I  will  Just  qnote  the  concluding 
sentence  of  the  introductory  paragraph  of  an  article  in  a  standard 
work  on  geography,  publishetl  in  I$S5,  by  Ix>ngmaus  &  Co.,  of  T>ondoD : 
"Bat  recent  events  have  conferred  n[)on  Australia  an  importance 
which  Jastifltes  our  makiuj^  it  the  subject  of  a  distinct  chapter," 

A  backward  glance  at  what  we  assume  to  be  the  earliest  stages  of 
evolntion  of  onr  continent,  through  successive  geological  ages,  will 
enable  us  to  realize  more  fully  the  distinct  i)eculiarities  of  its  physical 
aspect  as  well  as  of  its  past  and  present  climatic  conditions,  as  influ- 
enced by  the  various  progressive  steps  of  developmeut.  Let  ns  com- 
mence with  the  Paleozoic  period,  during  which  we  find  a  few  raised 
disintegrated  fragments  of  a  submerged  plateau  projecting  atmve  the 
surface  of  the  ocean.  In  Western  Australia  the  dry  land  at  this  stage  is 
represented  by  an  elongated  area  extending  from  the  twentieth  parallel 
to  the  neighborhood  of  Swan  Biver.  The  western  or  extreme  outer 
fringe  of  this  fragment  now  lies  submerged  outside  of  the  present  coast 
line,  and  consequently  it  forms  a  section  of  the  ocean  bed  within  the 
limits  of  the  1,200  to  C,000  foot  contour  line.  A  somewhat  similar 
upheaved  tongue-shaped  area  exteDde4l  from  Melville  and  Bathurst 
islands  southward  into  Centrid  Australia,  and,  like  tlie  former  frag- 
ment, its  northwest  edge  or  shoulder  is  now  submerged  in  the  neighbor- 
hood of  Alison's  Bay  within  the  1,200-foot  contour  line.  The  remaining 
continental  patches  above  water  were  represented  by  a  tfew  superficially 
8m:dl  and  isolatetl  narrow  elevations  along  the  eastern  seaboard  of  the 
continent,  distributed  over  an  extensive  northerly  and  southerly  range 
from  Cajie  York  Peninsula  to  the  Australian  Alps.  These  inHuluted 
&agments  were,  according  to  Prof.  James  Geikie,  the  Hon.  A.  C.  Greg- 
ory, anil  other  well-known  authorities,  the  earliest  representatives  of 
this  continent.  The  climate  of  this  and  other  continental  divisions  of 
t)ie  globe  must  have  possessed  a  remarkable  uniformity  of  cliaracter 
tbroughont  the  whole  area  to  which  reference  has  been  made.  The 
areas  of  dry  laud  being  comparatively  small,  offered  little  impediment 
to  the  free  circulation  of  ocean  currents,  and  thus  by  the  commingling 
of  polar  and  equatorial  waters  an  exceedingly  mild  imd  equable  tem- 
perature was  maintained.  The  succeeding  stage  of  evolution  was 
marked  by  the  somewhat  rapid  and  wide  extension  and  unity  of  land 
areas.    Insulated  fragments  iucrease<I  in  magnitude,  assuming  more 


A  narrow  belt 
nut'  -iiti  I  Vr«&''  Diridlog  Bange, 
i  AmDaiLk  ""tting  Taanunia, 
I  haif  of  the  eoDtinent 
n>  m;  •amre  'it  dw  >ieeaiu  earring  westwwd 
-i&etiiu£  k  anetuni  W7tti  the  eastern  area  at 
t  puroon  of  lotiia.'  Owia^ 
.  ^m  MtmrnoBH  golf  or  inland 
L  extendiog  northerly 
::<r  -flHtriera  -uures  iri  Btuseo.  The  climate  daring 
^ji  iiwiii  I  niimcm.  ~iiuBgh  Icsh  i>«^«Ht«Dtly  marked 
t:«is  ia  tie  iuwn  <»'  Ternary  tunetn.  Australia  had 
>i:'.:::m):.u  t  ninl-iiTti  The  tinnntH^ttngbelt.s,  vliich 
■.::a  .tHir: ijwnui:  -aianties.  were ^mbmerged,  and  the 
r-  •■i::i:;e«i  'o  k  tiarr  of  Mtbm«ged  conntry  in  tlie 
:'-  :iii'r:<>ii<>[  :ae  jlarr»y:ind  Darlinjz  rivers.  Besides 
n;.«-.i  :r"n  Up  •itimt  ijihtricta  of  ch«  llnlf  of  Carpen- 
1  Ml-':!.-!)  'I  ~iie  -xma  ibni^e  in  Westera  Aoatralia, 
',iv  -.ii'L  ■  ivv  LeenTryn.  ;u)d  :i  narrow  section  along 
--.tL  ■■;-"-•' ■i».n  riii^iic  waii  :iLh>  aabmerged,  bnt  in  all 
'  ,>-iirF:ti  uniiiriBanou  -if  onr  continent  was  almost 
]  *:^u  :  ^  low.  i.'ontemporaaeoas  with  thia  physi- 
)  ,i-<'i^nii>uii:iu  -Uifwet  <jf  Che  coontry  a  pronounced 
LiiutLL-  ocriumL  CUmaci<:  zones  poeaessiug  marked 
i;t. -H. u(.-i't^ut:s  existed,  iuid  in  thette  mild  seasooal 
\.'ui'U;^'i  L  Liuve  .tirmtdy  remarked  upon  the  ani 
.Iu:>";^  :uc  :wi>  inxediugages.  Still  it  seems  reasun- 
.1.  -lie  ,umi>s|jii.t;ri<;  liir  was  then  more  highly  charged 
I  At  i:;tu  It  ^irv-vLiC  twuceive  it  to  be.  and  that  the 
tud<'\rr:i-Lr')r>K:ii  regions  must  have  been  enormons, 
i>  .iistribtiriHl  t4|iiaturiai  waters  over  vast  areas  of 
e  \.n:usive  i-in-iuuDuu  uf  ixrean  cnrrents.    It  is  worthy 


i\  ,UM  'UOU9  Qn'rulMiiie  :ii:i[ 'liinn:;  rltin  ^HEU  there  was  actually  a  land 
fl.i.'Uii  Vii*lr!uia.  Si'w  :<i;»i;iiiii.  :lie  AnliirvciiiCoatin^Dt.  ami  PataguuU. 
luaiiKiiijiui;  !t  iiiilH-r  n-aii  lirrure  tii<'  Kuyal  Geo^rspbical  Socirt}-.  Mid 
■  In-  i.'i.i.'upiiM'n"  ./vitrmti.  .laannrj,  IW>4.  Ur.  Johm  Marrav  abowa  that 
kii>  It'll iit'>  tf>t  bv  a  'Uibiiiiir'^iiU  pUceaii  uvec  which  the  n>Diiilin^  are 
i'oiii|i.ii<h1  Willi  ill'-  .'uimiioiis  depth  iif  Uw  Migblinriax  ocean  boil. 
I  ,  \  iiliiH'i-  ill  ■.iippurt  iif  ilii»  thei)ry  13.  however,  to  be  fonod  atiioQe  the 

,1111,1,     Iti  I  III)  iliarli^im  Inlands  th^re  have  berii  fuiind  l\ii-  reniaiuH  of  ■ 
,,11..   I. Ill  ,imi  Clio  l"wil  bones  of  a  tootr.  allit-J  to  other  pxtinct  familim 

,,,,,  ,1 1  M.iiiiiiiiis,  and  were  pnibablj-  dislributeil  over  a  very  wide 

,:i,i  .1  1.1  ilio  ■Mjiitbem  hemisphere.  There  is  also  the  uecamnee  of 
.,!«  >i.  \>'W  /.I'.il.iiid.  1,^ nee  1  island.  Madagascar,  and  PatagoDia.  vhich 
.,1.  ili'tl  (livv  wiTe  Bcattered  alwut  at  a  time  when  there  were  few 
i.„  ii.ti.rliii-  »ilb  Iheir  mi(tr»tory  movemeiite  over  immaQaelf  wide 
,UI..|,  u  UKW  oiiuiiiwl  by  the  wateta of  the Sonth  Paeific  Oman. 
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of  note  that  the  predomitiatiog  topographical  i'eatures  of  the  contiueot 
doBOt  appear  to  bare  nodergooe  any  remarkable  change  daring  the 
snecesHive  stages  of  evolation  under  review.  The  domiuant  areas  of 
elevation  iu  all  cases  corresiiond  tbroughoat  with  the  mountain  ranges 
along  the  eastern  seaboard,  the  Xorthcni  Territory,  and  Western  Aua- 
tialia,  while  the  central  region  is  still  charateri/ed  by  low  and  extensive 
desert-lilce  salt-buah  plains,  dottfd  with  shallow  lakes  and  saltpans, 
and  traversed  by  inland  rivers.  Configuration  and  position  of  land 
areas  are  two  of  the  fundatnental  agents  that  operate  in  establishing 
and  controlling  the  climatic  /.ones  of  onr  globe,  wliile  their  inlinence 
upon  the  distribution  of  rainfall  is  simply  enormons.  To  enable  us  to 
study  and  understand  the  people  of  a  country  it  becomes  necessary 
and  indeed  indispensable  to  investigate  the  physical  features  and 
climate,  for  no  other  known  agents  exercise  so  jiowerful  an  induenre 
on  the  grouping  and  niigrationH  of  the  rac^  as  these,  as  well  as  in 
moulding  and  modifying  classes  and  racial  types.  A»  compared  with 
other  countries,  there  is  a  decidedly  marked  defect  in  the  physical 
geography  of  Australia.  It  possesses  no  remarkable  mountains  of  high 
elevation,altboughtheculminating  peak  ofthe  Australian  Alps  is  capped 
with  snow  for  nearly  ail  the  year  round.  The  highest  ranges  border 
the  east  coast  line,  extending  in  a  more  or  less  continuous  chain  fi-om 
Wilson's  Tromontory  in  the  south  to  Cape  York  in  the  north.  Except 
the  McPIierson'e  liange,  this  great  coastal  chain  of  ranges  is  practically 
of  no  valne  in  limiting  or  intluenciug  the  political  divisions  ofthe 
coautry,  nor  yet  does  it  aflbrd  any  very  great  impediment  to  or  security 
against  invasion.  In  most  places  it  is  eiisily  accessible  from  the  sea- 
board, and  it  possesses  no  narrow  wild  passes  such  as  those  that  limit 
the  great  commercial  inland  trade  routes  in  Europe,  Asia,  and  America. 
One  remarkable  feature  associated  with  the  physical  condition  of  the 
southeastern  part  of  the  continent  is  that  the  highest  elevations  corre- 
spond very  closely  with  and  occupy  a  position  at^aceut  to  the  greatest 
depth  of  the  ocean,  which  approa<:hes  closer  to  the  southeast  coast  line 
of  Victoria  than  any  other  part  of  the  continent. 

The  general  plan  or  system  of  this  eastern  area  of  elevation  may  t>e 
briefly  put  in  the  following  manner:  From  the  main  coastal  range 
there  radiate  toward  the  interior  numerous  oBshonts,  or  lateral  spurs,  as 
it  were,  and  these  form  the  watersheds  of  the  inland  rivers,  as  tliey 
are  called,  or  streams  that  flow  towanl  the  interior.  These  outliers 
be&T  local  designations,  more  or  less  ai>proiirijitc,  such  as  the  Liver|iool 
Range,  N^ewKngland  liange,  and  Bine  Mountains  in  New  South  Wales. 
The  eastern  face  of  the  rauge  approaches  close  to  the  coast  line,  and 
its  waters  are  drained  by  several  comparatively  short  but  rapid  rivers 
that  frequently  overflow  their  banks  and  inundate  large  areas  of  low- 
lyiog  country  during  abnormal  rainfalls.  In  Queensland  there  is 
probably  awider  and  more  uniform  distribution  of  elevated  areas  than 
in  any  other  part  of  the  continent.     Here  the  elevations  of  the  Coast 
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nr  < '  ivttC  I'^vkliii^  Ran^  as  it  is  locally  knoim,  vary  firom  2,S00  to 
t,iiwu  ii.<vt  .tbttv**  9«*u  l«TeL  Barklay's  Tableland  aud  Selby  and  Kirby's 
"nii;:,*^  s^'luuiTit*^  tbe  Golf  rivers  ftnm  tbe  Georgina,  Hamilton,  aad 
1>t»iiiiiuniitt  -trwunn  that  flow  southwesterly.  McPherson's  Bange. 
««litth  iiii-iu»  :t  iuktur.tl  buaadary  commou  to  Sew  Soath  Wales  and 
ii>iit<t'n.<4»u(t  ii'uiu  I'uiut  Danger  to  the  jaiiction  of  Tenterfleld  Creek 
«mi  ilio  Si-vi-rn  Kiver,  calmiaates  in  Mount  Liudesay, 4,064  feet  above 
■slit  k'M'l,  bill  bvxMtltM  it  there  are  several  other  liigh  and  mgged  peaks 
Alwia  I  liti  rii>wu  lyf  tlie  range.  Gregory  Bange,  a  latentl  spar  of  the 
liti-al  l>i\i(lin(;  Uaijge.  divides  the  mttersof  the  Gilbert  and  Flinders 
iiti'iK.  Dt-tiiuuiuud  Kange  lies  betveen  the  waters  of  .the  Belyanilo 
KiM't  M\ti  1  liiHte  (traiiietl  by  tbe  Nogoa  and  Isaac  streams.  The  waters 
III  ilio  IturiitMt  iiud  Vubiiru  rivers  are  separated  from  those  drained 
iiiii>  ilu<  l>Hwsun  by  l>uwe»  Kange,  while  the  waters  of  the  last  stream 
iit>  .tlM>  divided  tniui  those  of  the  Comet  Biver  by  Carnarvon  and 
K\|it'>liUi>ti  miiKes, 

|ii(tt>i>tiiilrv  iH'tweeu  the  Great  Dividing  Range  and  the  eastern  coast 
liiio  iii<tiiil>  iviiHist^  of  uiidalating  and  tow-lying  alluvial  areas,  with 
<iii«'Mt>i>'nK  I'lvt'i'  valleys  aboudantly  watered  and  remarkably  fertile^ 
ii  n«i|tiiii  Uio  central  and  northerly  parts  of  this  division  the  great 
iiittiKiottl  kXiU'ri'iiM^of  sugar  growing  and  maiiafactnre  is snccessfally 
..4iiK>tl  >>iil  '^nd  develo{ied.  it  having  been  found   that  the  soil  and 

^  [ ,n,  j,„  viiiinoittly  adaptwl  to  the  growth  of  sugar  cane  on  some  of 

,.,j,.i  ttnniHwiNewStiHthWaleaandQueeusland.    Westof  the  range 

1 1,  .  ,.[n  ii.iil  1  li.iiiii'ler  of  the  country  changes  entirely.  Here  we  meet 
uiiti  ,>>u-uii%v  plateaux  or  table  lands  extending  far  into  the  interior  of 
,'   .,  .iiKiit'iil.     Ill  New  South  Wales  the  most  important  of  these  are 

.  M.'ii  m>  I'll'li'laiid;  iheGreat  Western  Plains,  atrelching  to  the  river 

,,      ,,,  .   ,,,,1  ii,(i>  St'iith  Australia;  and  the  New  England  Plateau,  in 

.11  til  Ml  |'.tit  I'f  lh»'  whiny.     Someof  tliesetablelands  are  utilized 

j|. J  i.iii|HMi^t,  but  by  far  the  largest  portions  are  held  for 

>  I..,.  .!,,t,»itd  <''V  w*>stern  liislricts  comprise  the  widely  known 
i>i'>(iugof  immense  table-land  plains,  interspersed 
i,dl  tittMS  of  hilly  and  undulating  country,  esteod- 

Soulh  Australia.  TheGulf  district,  or  that  part 
iii'<  ui«»>u  the  hea<l  of  the  Gulf  of  Carpentaria, 
iiito  e  pliiins.  abnmlaully  watered  and  luxuriantly 

\v^i\  ln«it»*«l  extent,  agricnltnre  receives  but  lit- 
iix  Mk-ii  t;»^'gnn>bic  division,  extending  the  whole 
,.wi  of  thP  nuijre.  although  experience  has  amply 
,  I  vliutnU'  of  the  Darling  Downs  country  is  nat- 
.  nunluolion  of  luxuriant  crops  of  almost  every 

,  ,.,^v,in,v.  Nature  has  endowed  it  with  iuex- 
iwdl  >le\>>lopmeutat  the  hands  of  enterprising 

\im>  »vu»l«y  >*  '"'>»tly  l"^'**  f*"^  grazing  purposes, 
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bat  its  potentialities  are  nndoabtedly  great,  and  as  settlement  advances 
aod  railway  eommanication  extends  and  increases  the  wliole  of  the  west- 
em  districts  will  doabtless  be  occupied  by  tlooriBbing  agriculturists, 
to  whom  the  soil  will  yield  all  the  necessary  products  upon  which  the 
prosperity  of  a  country  so  much  depends,  with  profit  to  producers  and 
immense  advantage  to  the  country.  ThJH,  in  my  opinion,  is  a  very 
moderate  and  indeed  litnit«d  forecast  of  the  future  of  this  part  of  our 
continent. 

In  the  northern  territory  of  South  Australia  there  are  no  lofty  ranges 
or  mountains  of  high  elevation,  although  the  physiography  of  that 
part  of  the  country  possesses  many  features  of  great  iuterest  to  geog- 
raphers as  well  as  to  geologists.  Abont  Leichhardt'u  description  of  the 
country  there  seems  to  be  some  doubt,  owing,  it  i»  Kaid,  to  an  error 
which  unfortonately  crept  iuto  the  transcript  of  his  notes.  This,  how- 
ever, does  not  apply  Co  the  extensive  observations  made  there  by  the 
Hon.  A.  O.  Gregory,  who  was  in  a  position  to  obtain  a  trite  and  very 
comprehensive  knowledge  of  the  subject.  Mr.  Gregory's  investigations 
show  that  the  physical  structure  of  this  northern  region  consists  of  a 
moderately  high  and  continuous  table-land,  very  broken  and  extremely 
ragged,  rising  abruptly  from  the  low-lying  northern  coast  lands  and 
extending  sontherly  to  Central  Australia.  This  description  is  sustained 
by  Captain  Carrington,  who,  some  few  years  ago,  examine<l  the  rivers 
of  the  northei-n  territory.  On  the  other  hand,  exception  i»  taken  to 
this  view  by  the  late  Rev.  J.  K.  Teuison- Woods,  who  examined  part  of 
the  country  on  behalf  of  the  Government  in  1886, 

In  his  ofiScial  report  to  the  Government  resident  of  the  ^Northern 
Territory,  Mr.  Tenison-Woods  endeavors  to  "correct  the  erroneous  idea 
which  has  prevailed  as  to  the  physical"  character  of  the  region,  point- 
ing out  that  where  he  had  been  "there  is  no  such  thing  as  a  contiun- 
ons  table-land."  "  Patehes  of  broken  table-lands  occur  frecjuently  at  the 
sources  of  rivers  and  creeks,"  but  they  are  nothing  more  than  frag- 
ments, seldom  exceeding  4  or  5  miles  in  width  and  from  120  to  300  feet 
in  height.  Only  once  did  he  see  a  plateau  of  370  feet  in  height.  The 
broken  edge  of  these  table-lands  always  faces  northerly.  "The  coa«t 
country  is"  generally  "very  low  and  flat,"  rising  gently  at  the  rate  of 
about  5  feet  per  mile.  In  places  there  are  low  ridges  composed  of 
qnartzite,  slate,  and  sandstone  that  rise  almost  from  the  sea  level  to  a 
height  of  50  feet  or  m^re,  gradually  increasing  to  100.  They  run 
northerly  and  sontherly,  trending  to  the  eastward  as  they  are  traced  to 
the  south.  Small  creeks  and  tributaries  emanate  from  these  ridges, 
descending  toward  the  permanently  watered  main  valleys.  The  sources 
of  all  the  waters  drained  to  the  north  are  in  the  elevated  lauds  of  the 
metalliferoas  ranges  and  the  springs  nt  the  foot  of  the  table-land.  The 
features  of  the  country  change  south  of  Pine  Creek,  about  150  miles 
fi^m  Palmerston,  where  there  is  a  watershed  about  SIKi  feet  above  low 
water  sea  level,  beyond  which  the  water  courses  flow  southerly  and 
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iKfUnra^-i  u<  w«Mt.  tlitMruurtbuni  Itmit  beiupmiEiuivii.  ISutvaicIaxnri- 
ttuil/  gfUMmai  iukI  lut%f  Uwu  nuMirt  k  xohb-  Toim^  -  ~lt>»  Iio^  Linet^ 
cMiwtlu  LHt  K  triM^k  l^liiiid  tlMBu  iu  iuhit  3Uiiib»  w- :±uh«  ««aU  be  if 
LWy  IjtMl  |>»MMiid  tlitvujrb  st  wm\bt3i(L'  Ti»-nao  if  ^la  iwir il  dfetrict 
Hfj^l  of  tli*-k«  jiUiiio  i«  uiitiutntHd  vitL  sDia:  iirur  a»*-f!nci>Hia la "Lmr 

Hull  liik>'j>»ii<]  iiiiii'«b*w.  tW  injtnam  tq^Maoiuf  inmi ':jtt  «HiEh.'«ac4  ierel 
mkI  uuitui'iu  ttK  lilt-  ittm."  "<,Tear  tijtwi  fj-aatir  wimiry.'  ^Frvai  this 
point  v;iM  |>Uiii«  i^f  KfiMM  Mtd  WiUbuFik  vrii  «cv(«tL7  ^  :=:«•  •«  tben, 
«s\Miiiiiiii  nt.  liar  na  t\u^.  fyf  K»u  noMih  iu  t^vTT  dnvKOtsaiy  —T'^ry  gently 
uiidululiijtc  K'-")".^'  '''"Uijitf.  LiokeKhnte  fiosui^Kai  I'M-  iwt  abon  the 
bt'a."  Nui'tlii'i'l)'  iiti(]  *;ii>t«i'l,v  of  tlMwe  }>Luih-  Uif  fSttimpciI  iorvHitioD 
ui)j*eaj(t  tx  Id'  aiAunt;  mvfrtd  vitb  Kutd-  Tbc  ^noir;*  •mMtwya  «enir 
ill  luuuy  i>luji'>,  utid  it  in  iutunsMiug  tu  iM«t«  tbu  ii  i  in'j  |himiiiiiiI 
wutoi-  tor  ujuny  iuili-*>  in  »ii)'  iJtrHCtitni  fteenie  tt>  be  u  a  nnjr  wWn  the 
gi'uuitt^  fiidu  mill  tint  Ijriji-Ktuite  formatioB  bepKB. 

Ju  tilt;  ai>ijlli<^>ti'i'it  diMlricU  of  SoDtli  Anstnlia  Uw  pemtrat  fhjmai 
u^lHu-X  of  Llitt  lfniU)ry  aftitnU  a  |ilea«aiit eontrva  to  :^t  «f  ihe  coon- 
try  tu  tlie  iiorlli  unit  iioilliwftHt.  Here  are  loeaied  nrv^nt  proBineiitly 
uiiiikud  ai  vuH  of  (tti'vutiori,  tlMutted  by  the  Honnt  LoAy.  Ft  aderK,  Soid- 
nuMikei,  uud  l(tiwl«r  iHiiifitN.  Of  tbese.  the  firct  esirad<  fion  C»pe 
JerviH  ijorilifi'ly  iiliout  H(>  utiles  tit  the  Little  Par*  River,  iu  ealnuDat- 
iiig  jioiiit,  Midipit  Iftdiy,  iNiirifT  2yt:it  feet  above  sea  lerieL  ThUrange. 
wliirli  lollowH  tliu  ifftiii'Mil  (WiiDW  of  the  H array  Biwr  to  tfae  tbirty- 
ti>iitili  loiiutli'l  of  lHtitiiil<-,  In  lliuikeil  OD  the  eaAward  for  about  20 
iiiili'H  liy  11  cliiiiii  of  nitiK'-H  of  Iohh  prominence,  eztending  from  Enoonn- 
li<r  Hay  ill  Itinki'ii  iiiummik  to  Uhioloo,  a  diBtance  of  nearly  200  miles, 
and  iiji-ludiii^f  tloi  followiiift  (M)iiKi)icuou8  points:  Honnts  Magnificent 
0;M-J  f>-<il.|,  IliiiLui-  (l,ltH|  t'via),  (lonid  (1,7JU  feet),  Rnfas(  1,807  feet), 
Hi<d  lliyitiM'l.iNI.'V  li•<^l)i  tint  iliirra  Hill  (2,018  feet),  EaiserstDl(l,»T3 
li-i'l),  1111(1  Itik/iii'liiicli  {•i,H:i!i  fcHtt),  Smaller  ranges,  Baroesa,  Jnlia, 
|'riiii'o.-,ti  Itoyitl,  mid  Ncvmi'  Nrvnr,  lie  to  tbe  north  of  Hoant  LoRy 
lluiiHo. 

'I'liii  lliiiiiiMoi'liN  or  Hiiniiiuii  ICAii^n  commences  on  tbe  west  side  of 

Itiiir  HI,  \  h III.,  iiliiiiiL  U\  iiillt'H  I^oiu  the  head,  and  runs  northerly 

{ill nil  iiiJIi'H  (o  llin  ItroiiKlittiii  Itivor,  Sonth  Hummock,  Black  Point, 
iiihI  lliini  Hill  iti'o  lit  iiiurd  prominent  foatutes,  the  first  being  1,061 
I'i'ol  IiIkIi. 

I''lliidiii'>i  KiMiud  I'timiiiiMircit  on  the  Itroughton,  a  little  soatbeastof 
lliu  li'i'iiiliiiinoii  (iC  (III'  piH'vloimly  iHinied  nuige,  and  runs  northerly  by 
vviiy  III  Miimil.  |{.'iiiiukiiliIe(;i,17H  tivt).  The  Itluff  (2,300  fset),  Monnt 
lliiiuii  |-i,:)iiil  fi>olt,  Moiiiil  \nWit  (J.T.M)  foet),  and  St.  Marys  Peak 
(II.IHhI  iU'I)  till'  iitiinil.  LIUl  uiJlto*,  liavinff  stt^ep  spurs  to  tfae  west  and 
liwH  ti)ii\<illo)iH  on  iirt  t'HHiovn  Hido.  Anuuig  tbe  last  are  tbe  WoBoka, 
>\  ll|Hiiiit,  IHdor,  CliKor,  and  DmJd  rttnK^>^  It  then  continaes  in  a 
itiiilUtt4-lt>il,\  dii^vHoit  l>y  Moniit  Seilc  (;MMM>  feet)  and  Freeling 
>'  VM  (wi)  to  Moimi  l>iMi4iii>tt  for  120  miles  fiirthw. , 
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The  Gawler  Bau;;e  ja  au  irregnlar  group  of  liitlB,  comtnencing  about 
60  miles  west  of  Port  Augusta  and  extendiug  westerly  for  about  15U 
milea  more.  The  highest  points  iu  it  are  Moaiits  Miccolo,  Nonntng, 
Stnrt,  Doable,  Yardea,  and  Yarlbriuda,  none  of  which  exceed  2,00U 
feet  above  sea  level. 

Uuder  the  uame  of  Musgrave  Range  are  usually  included  the  Everard, 
Maun,  and  Tomkiusou  ranges  and  the  Deeriug  Hills,  all  situated  in 
Ceutral  Auxtralia  between  the  oue  hundred  and  tweuty-Dinth  and  one 
hundred  and  tliirty-third  meridians,  and  forming  a  belt  250  miles  by 
2J  milex,  tying  east  and  wext  along  the  tweuty-sixtb  parallel.  The  high- 
est points  are  Mounts  Woodroff  and  Morris,  (each  aboat  4,100  feet 
high),  Ferdinand  (4,000  feet),  and  Everard  (3,850  feet).  Tu  the  north 
of  these  is  another  central  belt  lying  northeast  of  Lake  Amadous  and 
known  as  the  McDoDuell  ranges,  extending  east  and  west  along  the 
twenty-third  parallel.  Besides  these  principal  highlands  there  are 
several  isolated  volcanic  peaks  at  the  head  of  Discovery  Bay  and  maoy 
other  hills  of  less  prominence  in  the  central  portion  of  the  country. 

From  the  preceding  remarks  it  will  be  readily  understood  that  most 
of  tlie  South  Australian  territory  consists  of  vast  grassy  plains,  some 
of  which  are  flanked  by  the  mountain  ranges  for  fully  300  miles  north 
and  south,  and  extensive  belts  of  undulating  timbered  country,  the 
latter  comprising  some  of  the  richest  agricultural  laud  in  the  colony, 
especially  that  situated  between  St.  Vincent's  Gulf  and  the  Murray 
Scrab  and  in  the  fertile  district  of  Mount  Gambler.  A  very  large 
portion  of  the  country  stretching  along  both  sides  of  the  Murray  Eiver 
is  au  immense  waterless  scrub,  occasionally  interspersed  with  open 
grassy  plaius,  while  enormously  large  areas  of  sandy  desert  and  salt- 
bush  country  occupy  the  far  interior  in  the  neighborhood  of  Lakes 
Amadens  and  Eyre. 

In  the  foregoing  an  attempt  has  been  made  to  describe  briefly  the 
(lominaut  areas  of  elevation  as  iudtcated  by  the  mountain  systems  of 
ODr  continent.  These  are  certainly  unique  in  their  way,  and  the  some- 
what remarkable  features  that  they  possess  invest  the  topography  of 
the  country  with  a  striking  peculiarity  which  does  not  occur  elsewhere. 
As  I  have  already  remarked,  the  mountain  ranges  are,  with  one  single 
exception,  practically  of  no  value  whatever  aa  natural  national  bounda- 
ries, nor  even  for  the  purpose  of  forming  provincial  lines  of  demarca- 
tion. On  the  other  band,  their  influence  ii]>on  the  commercial  develop- 
ment of  the  country  is  great,  for  they  limit  settlement  in  a  large 
measure  to  the  coastal  districts,  offering  few  facilities  for  the  extension 
'>f  agricultural  and  industrial  enterprises  to  the  ceutral  regions.  This 
is  especially  the  case  along  the  eastern  part  of  Australia,  where  the 
roasBive  vapor  clouds,  impinging  upon  the  seaward  face  of  the  ranges, 
deposit  most  of  their  moisture  before  the  western  and  central  districts 
are  reached,  and  consequently  the  latter  do  not  enjoy  an  adequate 
rainfall.  True,  the  future  holds  out  more  encouraging  prospects  to 
iuleuding  settlers  than  the  past,  for  we  are  assured  on  the  authority  r 
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ill.  IL  I^Jar^Gw«Tr=ie-;  ^^wktgist  for  Qaeeaslaud,  that  to  the  arte- 
siui  iratrT  >a;t:->  of  :_«-  T*r?:«ni  part  of  that  colony  thera  is  practi- 
cally DO  lim::.  !-^  L.>  n<-«M  t-laburate  investigatioufi  into  the  geolog- 
ical strwtnre  "f  li-M  jmt  of  the  coonny  Mr.  Jack  appears  to  have 
Bati$lie«l  htai;^i:~:..j:  ilir  -*  vat«r-beartagbedsof  the  Lower  Cretaceous 
formatioo  ~  are  fjr  !E.>^e  eitensive  than  had  formerly  been  anticipated. 
The  superficial  arv«  :□  vLich  lUey  occur  is  estimated  at  5,000  sqnare 
miles  of  Qncen^laitd  iriritur^'  alone,  and  more  extensive  examinatioD 
will  veiy  proliaMy  i^Lov  that  ihey  are  far  more  widely  di8tribat«d  in 
other  itarta  nf  the  int«Ti.»r  of  the  continent  than  Mr.  Jack's  recent 
investigations  have  shown  iliem  to  be.  The  ;)bysical  structure  of  the 
eonntr^'  is  certainly  f  tvorabte  lo  this  view,  and  if  it  be  found  that  these 
water- be;iring  bt-ds  actnalty  (tccor  over  the  whole  area  formerly  occu- 
pied by  the  great  inland  sea  by  which  our  continent  was  severed  from 
north  to  south,  the  barren  de.sert  country  of  Central  Australia  will 
no  longer  bid  defiance  to  the  extension  of  British  enterprise  and 
settlement. 

As  far  back  as  I84>3  the  late  Rev.  J.  E.  Tenison- Woods,  in  a  paper 
read  at  the  meeting  of  the  British  Association  at  Newc^istle  on-Tyne, 
on  '-The  livers  of  the  interior  of  Australia,'"  drew  attention  to  the  favor- 
able iwnditions  of  the  central  basin  for  the  formatiou  of  artesian  wells, 
and  in  lijUti  the  same  view  was  strongly  advocated  in  a  series  of  papers 
whtcli.tbat  well-known  authority  contributed  to  the  Australasian.  Later 
on  Mr.  Tenison -Woods  ))ointed  out  that — 

"In  the  central  depression  of  the  Continent  and  in  Sorth  Australia 
there  is  a  line  of  gronps  of  thermal  and  cold  springs  oovenng  sevetal 
hundred  aijnare  miles.  These  send  forth  water  from  great  depths,  and 
are  no  doubt  derireil  from  a  central  nndergronnd  reservoir  whose 
sonrces  are  on  the  s]n|>eN  of  the  tableland.  That  the  waters  come  from 
great  depths  is  seen  from  the  fact  of  the  tenii>erature  and  the  mounds 
of  sinister  or  travc-itine  sironnd  them." 

Of  4^iMirse  no  arte.<iian  water  supply,  however  extensive,  can  equal  in 
value  a  natnral  one,  nor  yet  will  it  ever  take  the  place  of  a  reguUr  and 
abundant  rainfall;  still,  it  willo|>eratea5 an enortnoo&lypowerful factor 
in  the  develtipnient  of  the  niitaral  and  artificial  resources  of  the  conn- 
try,  and  il  is  ho(HHl  that  recent  investigiitions  will  be  followed  up  with 
equal  sn<-cess  in  other  parta  of  the  Continent,  to  the  manifest  advantaee 
of  our  p^tstoral  iUid  agricultural  industries  and  natiotial  prosperity. 

In  addition  to  vr h;it  I  have  said  regarding  the  induence  of  our  couti- 
uental  highhin<ls  niHin  the  distribution  of  rainfall  and  settlement,  it 
must  also  be  ixiitileil  out  in  ihisconne<'tion  that  the  only  true  river  sys- 
tem of  the  oimiitry  is  so  r«-g«late<l  and  controlled  by  the  peculiar  phys- 
ical strucnire  of  the  nionntain  ranges  of  the  sontbeast«m  part  of  the 
Continent  that  few  of  the  rivers  themselves  are  of  any  value  as  great 
conimerciiil  highways  fmni  the  sea  tJi  the  interior.  On  the  eastern  coa*t 
most  of  the  stN-anis  are  shurt  ami  travei-se  areas  of  steep  decHvity. 
^uriug  periods  of  heav.^'  rain.«  their  caiut^-ity  is  iuadeqaate  tocanyoff  tke 
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snr&ce  waters  and  consequeotJy  they  overflow  ttieir  banks,  iDusdatiDg 
the  low-lyiog  coontry  and  caasing  great  destruction  of  property — aome- 
times  even  leas  of  life.  The  larger  rivers  flow  inland  from  the  coast 
range  and  disembogne  on  the  eastern  shores  of  tbe  Great  Australian 
Bight;  while  some  actually  discbarge  their  waters  in  the  interior  of  the 
country  into  large  shallow  lakes  or  wide  marshes. 

The  Murray,  with  its  giant  tributary,  the  Darling,  is  preeminently 
king  of  Australian  rivers,  and  in  point  of  "navigable  length"  it  is, 
according  to  the  estimate  of  Mr.  H.  0.  Kussell,  entitled  to  rank  "  third 
amongst  the  navigable  rivers  of  tbe  world."  It  is,  however,  only  right 
and  proper  to  point  out  that  this  is  not  a  fair  comparison.  From  a 
geographical  standpoiut  it  errs  greatly  on  the  side  of  exaggeration,  for 
while  It  may  be  true  that  the  Darling  River  is  navigable  from  Walgett 
to  its  jnuction  with  the  Murray  River  and  thence  by  that  stream  to  the 
sea,  a  total  length  of  some  "2,345  miles,"  the  assertion  itself  furnishes 
no  adequate  estimate  of  the  actual  capacity  of  the  channel  for  the  pur- 
pose of  navigation.  As  an  inland  stream  for  navigatioji  the  Murray 
Biver'  isofconsiderableimportance,  and  the  immense  value  of  its  water 
supply  for  irrigation  canals  can  scarcely  be  overestimated,  bat  at  present 
itcan  not  be  utilized  as  a  great  commercial  highway  from  the  sea  to  the 
interior,  and  for  this  reason  alone  no  comparison  can  be  drawn  between 
it  and  many  other  shorter  and  minor  streams  of  the  world.  The  shallow 
entrance  to  the  river  and  tbe  comparatively  insignificant  volume  of 
water  that  passes  throngh  the  channel  in  dry  seasons  are  enormons 
obstacles  which  may  possibly  be  removed  at  some  future  time  when  the 
country  is  more  closely  settled  and  its  commercial  and  industrial  re- 
sources more  generally  developed.  Free  and  unintermpted  navigation 
from  tbe  aea  to  Walgett  and  from  tbe  sea  to  Albary  would  exercise  a 
greater  and  more  permanent  inflnence  upon  the  futnre  prosperity  of  the 
country  aud  its  potentialities  than  it  is  within  tbe  power  of  anyone  to 
conceive,  aud  if  that  were  once  accomplished  the  Murray  would  rightly 
he  entitled  to  rank  among  the  first  nii,vigable  streams  of  the  globe. 
Tbe  total  drainage  area  of  the  Murray  River  as  recently  determined  by 
Mr.  H.  G.  McEinney,  M.  Inst.  C.  E.,  is  414,253  square  miles,  equal  to 
about  a  seventh  of  tbe  area  of  the  entire  contineut,  aud  as  large  as  the 
combined  areas  of  France  and  Germany.  This  is  the  twelfth  largest 
river  basin  of  the  world.  Of  this  enormous  area  234,302  square  miles 
are  situated  in  New  Sonth  Wales,  104,575  in  Queensland,  5U,979  in 

■TheMurrajr  River  is  here  referred  to  as  the  primary  water  course  with  wbich  are 
united  the  Darling,  Uarmmbidgee,  Lacblaa,  and  otbiir  tributary  streams,  with  tbeir 
DumeionB  afBneDtfl,  the  whole  constituting  the  Murray  River  system.  In  speaking 
graerally  of  the  first,  the  othKra  are,  therefore,  i  Deluded  unless  otherwise  stated.  In 
apubliahed.  diagram  showInK  tbe  comparative  lenf^ha  of  the  great  rivers  of  the 
world  the  Darling  is  indicated  as  the  primary  stream  and  tbe  Murray  as  one  of  ita 
principal  tributaries.  This  is  certainly  erroneous,  for  so  long  oa  the  chanoel  from 
the  iea  to  Wentworfh  is  Icnown  as  tbe  Murray  River  tbe  Darling,  which  iinit«B  with 
It  St  the  latter  place,  obd  not  be  otherwise  described  than  uh  a  tributary  of  it, 
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Tictorio,  and  24,387  in  Soatti  Australia.  The  whole  basin  is  divided  into 
two  unequal  areas — an  effective  or  coiitributiug  area  of  159,889  square 
miles,  with  a  meau  auuual  raiufiill  of  25.03  iuche»,  and  a  noncODtribut- 
ing  area,  or  that  which  either  contributes  nothing  to  the  river  syatem  or 
wbieli  contributes  only  during  exceptional  Hoods,  of  254,364  square 
miles.  The  mean  aunual  rainfall  over  the  latter  does  not  exceed  17.13 
inches.  The  largest  noucoutiibutiug  area  of  158,863  square  miles  Ues 
within  the  colony  of  New  South  Wales,  comprising  a  tract  of  country 
east  of  the  Bogau  and  Darling,  an  extensive  region  bounded  by  the 
Darling,  Murray,  Morrambidgee,  Lachlan,  and  Bogau,  and  the  territory 
west  of  the  Darling.  The  whole  drainage  area  of  24,387  square  milefi 
within  the  territory  of  South  Australia  contributes  nothing  to  the  river 
system ;  here  tlie  mean  annual  rainfall  is  only  16.83  inches.  The  delta 
lands  and  other  noQContributing  areas  of  36,835  square  miles  in  Queens- 
laud  lie  chiefly  along  the  southern  boundary  of  the  colony  within  the 
counties  of  Belmore,  Carnarvon,  Gassillis,  and  along  the  middle  basin 
of  the  Warrego  Biver,  the  meau  aunual  rainfall  over  that  part  of  the 
country  being  about  18.97  inches.  The  area  of  34,279  square  miles  in 
Victoria  that  contributes  nothing  to  the  river  system  is  a  strip  of 
conntry  south  of  the  Murray  and  west  of  Morong,  where  the  meau 
aunual  rainfall  is  something  like  17.85  inches.  Most  of  these  noD- 
effective  areas  consist  of  immense  alluvial  plains  and  gently  nndala- 
ting  country  where  the  rainfall  is  very  small  and  uncertain ;  the  soil  is 
remarkably  rich,  and,  if  irrigated,  would  bo  highly  productive.  There 
is  a  mean  annual  rainfall  of  20.19  inches  over  the  whole  drainage  arfa 
of  the  Murray  Biver.  Considering  the  enormous  extent  of  the  water- 
shed, the  sectional  areas  of  the  prioiiiry  river  and  its  chief  tributary 
are  insignificant.  The  uioau  average  discharge  of  the  River  Darliug 
atBourke  is  equal  to  about  6,557  cubic  feet  per  second,  and  the  approxi- 
mate mean  height  of  water  level  for  a  period  of  twelve  years  was  10 
feet.  The  mean  average  discharge  of  the  Murray  Biver  equals  2,791 
cubic  feet  per  second  at  Enston,  6,336  at  Modiua,  and  3,616  at  Albury. 
The  approximate  meau  height  of  water  level  at  the  same  places  for 
1879-1890  was  15.6,  16.10,  and  12.10  feet,  respectively.  At  Albury  the 
discharge  of  the  Murray  very  rarely  falls  below  1,000  cubic  feet  per 
second,  even  in  the  driest  seasons. 

The  primary  source  of  tlie  Murray  Biver  proper  is  in  the  western 
face  of  the  Australian  Alps  at  the  uoiou  of  two  lateral  spurs,  by  which 
it  is  flanked  on  the  east  and  west,  about  20  or  30  miles  north  of  Mount 
Kosciusko,  whose  peak  of  7,256  feet  above  sea  level  marks  the  culmi- 
nating point  of  the  great  southern  cordillera.  It  flows  souther); 
between  tliese  spurs  or  mountain  ranges,  skirting  tiie  northwestern 
base  of  Kosciusko,  where  it  sweeps  toward  the  northwest  and  joins 
the  Indi  Biver,  whose  source  is  within  the  Victorian  territory.  The 
entire  length  of  the  Afurray  is  about  1,700  miles,  but  there  is  a  remu'k- 
able  discrepancy  between  writers  upon  this  subject — it  being  indeed 
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almost  safe  to  stAte  tbat  no  two  aathorities  agree  apon  the  point  at 
tssae.  The  head  of  the  upper  valley  of  the  river  is  characterized  by 
the  presence  of  a  network  of  trihntary  streams  or  feeders,  spreading 
oat  like  the  hranches  of  a.  great  tree,  through  whose  sharply  sloping 
and  precipitous  channels  the  thawed  waters  of  the  snow-capped  ranges 
sweep  in  mighty  torrents  to  the  lower  regions  of  the  valley.  Chief 
among  these  are  the  Mitta  Mitta,  Ovens,  and  Goulburn  water  courses. 
The  physical  aspect  of  this  part  of  the  country  is  wild  and  nigged, 
heavy  snowstorms,  violent  gales,  and  blinding  sleet  being  the  ruling 
climatic  features  of  this  great  Alpine  chain,  whose  western  and  north- 
ern waters  cut  deep  into  the  granitic  and  metiviuorphic  rocks  of  the 
range,  forming  steep  and  precipitous  gorges,  yawning  chasms,  and  tor- 
tuous channels,  ever  deepening  by  the  erosive  action  of  the  troubled 
waters  of  many  streams.  The  Murrumbidgee,  although  one  of  the 
tribntaries  of  the  Murray,  is  little  inferior  to  that  stream  itself.  Ema- 
naUug  f^m  its  source  in  the  elevatetl  table  land  at  the  base  of  Pepper- 
corn Hill,  some  5,000  feet  above  sea  level,  it  traverses  a  tract  of  country 
pOBse-ssing  some  remarkable  features  of  natural  beauty,  especially  in 
its  upper  valley,  where  the  mountains  are  steep  and  rugged  and  the 
lateral  valleys  deep  and  precipitous.'  Below  thi»  region  the  river  flows 
through  the  celebrated  Biverina  district,  where  its  Hood  waters  often 
spread  out  over  large  level  areas  in  the  neighborhood  of  numerous  shal- 
low n-ater  courses  which  act  as  local  distributors.  In  seasons  of  severe 
drought  it  is  nearly  dry  in  some  parts  of  the  channel,  even  as  far  down 
as  Hay,  where  the  bottom  is  sandy  and  consequently  highly  absorbent. 
The  total  length  of  the  Murrumbidgee  is  1 ,350  miles.  Its  principal 
affluent  is  the  Lachlan,  a  stream  of  about  700  miles  in  leugth,  rising  in 
the  nigged  western  spurs  of  the  Great  Dividing  Bange,  north  of  Lake 
George.  The  highest  part  of  its  watershed  ia  about  3,000  feet  above 
sea  level,  where  snow  seldom  falls  in  sufficient  quantity  to  materially 
influence  the  flow  of  the  river.  The  lower  valley  embraces  long 
stretches  of  level  plains,  interspersed  with  belts  of  stunted  gum, 
mallee,  and  saltbush,  and  in  dry  seasons  the  channel  of  the  stream  is 
indicated  by  a  mere  chain  of  water  holes. 

With  outspread  arms  of  unequal  length  that  extend  far  and  away  to 
sources  remote  from  the  parent  stream,  the  river  Darling  drains  the 
western  and  southern  waters  of  the  Great  Dividing  Range  from  the 
head  waters  of  the  Lachlan  to  a  place  slightly  north  of  the  twenty-fifth 
parallel,  where  it  is  met  by  Buckland's  table  land.  Here  the  water- 
shed inclines  in  a  somewhat  irregular  curve  westerly  and  southwesterly, 
following  the  Warrego  Kange  to  a  point  northeast  of  Mount  Edin- 
borg,  which  marks  its  northwestern  limit.  Within  the  periphery 
of  this  circumscribed  region  are  included  the  waters  of  the  Bogan, 

'  About  &  joats  ftojoDFD  ID  this  part  of  the  cooDtry  and  on  tbe  head  waters  of  the 
Snowy  Rivor  gave  the  writer  oa  excellent  opportunity  of  obsurvibg  the  pbyBir- ' 
■tractnte  oC  the  locaJity  oud  its  climate. — J.  P.  T. 
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Macqoarie,  CastJereagfc,  XsMi,  Gyt^ct^  Sbcintyre,  W«ar,  Xoonic^ 
Condamine,  HangallaU.  Maranoa.  Warregoy  ud  Puoo  sources.  The 
Warrego  unites  with  tbe  Dialing  abems  65  miles  below,  and  the  otbexa, 
except  the  last,  aboat  10  siles  above  Boarke.  Altboagh  incltided 
witbiu  tbe  drainage  ares  o(  ilie  I>ir[iag.  tlie  Paroo  tmninstes  -in 
swamps  Booie  two  $<«te  m:>3  ourtkweirt  ot  Wik-annia,  cooaeqaentlf  its 
vatei«  never  tevb  the  ntiin  stream,  aad  it  is  only  dnnng  exceptlun- 
aUy  beavT  £-jvii  ti*s  sl«  t«6rt  weeive*  smy  of  tbe  Warrego  Biver 
watvs.  1d>,1;—-J  -^  ijoawic  nributary.  the  Cnlgos  (w  Coodamine, 
wbo^e  i«cn:e  "i*  ii  ^t  Te«am  dank  uf  waaona  Peak  1-1,002  feet),  in 
.j^  j^:  ^i,":«rj«.«;*£  i£  SiZiimify.  tin;  Coul  [eagth  of  the  Darling  Biver 
■  jv^-^^  l.f'^  3iJie*  *i  -^  ;Tuu:tiim  with  the  Mairaj  at  Weotwortfa, 
titfoM-  %;  z'-it  J»»  rJr-iu:!'!  Lika  JJexaodrina  tor  5S7  miles.  In  his 
.^^  ^^-tt  _  ^jB  t":t«->  'It  dia  int^ior  .i^  Sew  S««th  Wales,"  Mr.  F.  B. 
l-*cte-  A-Ti'*-'^  ^a  »«iii^  ■"'  =■*  Oatlin*  ^t«  »t  l^iJ3  Miiles,  and 
w-  '"  v"  •  i^^'-l  iCiOi*  riuc  :c  :»  ■i.:i:'lL  The  diiwsvpaney  is  certainly 
»^yt:l>.B.  i.itt  II  ^«  uott^rtis  ot  «or«e«  geoeiapkieal  iafonnation  it 

H.'l.'i-j  T«i;i.'-i  >"■"-  _   . 

.,'  J.  — .ju;    i:-»  rt   tTvativ*.  ju  =iie  miportaaee  of  the  water  sup- 

,"   '     .,      \  -  -~      I;  ■  ■-  ^ -i-a  TtT  irrsadoo  jfarfoetA.  and  to  the 

"""'"_,  _    .  ..    r-    '    ^         ;*  buijin  that  eoald  be  rendered 

cii-n».  -.■ ^^       ^^     ^^^  aiacter,  I  am  happy  to  say,  is 

'  "  .,_,■;.-  I  .  -j^  •  ^i-ernment  of  5<w Soath  Wales, 
""*  '  — -^  "-  _,^.  ■  ,-■-  ,■ '.-^-Tuvnl  has  recently  been  established, 
,-,.."  -.      -■   ^     ^    ^  ^-Bi.c  cu  3ee  the  beneficial  results  of  this 

*  ■        '  '  '     .  ...^  >,.,i.'  iverywhere  apparent  in  tbe  covntty  west 

'     "'  .^  ..    ^,^  4^«era  continental  seaboard  are  niiKieroas 

'"■'-     '    "  ^^^  lu^ever,  of  any  great  commercial  imp<vtance 

■""*  "^  '  ,.  ><;  'I  Jther  parts  of  the  world.'    In  VicKwia  the 

""    '   '  '  ,^^,^.pj  «;^ers  of  tbe  Grampians  and  those  of  the 

"  ,„^„  .;^  juai,:e  iotbenortheastemaporsof  tbelatter 

.^  M^utherly  through  a  most  devionfl  channel  for 

•     ^     ■  ""        .    .,.  ;i:s  w-jters  in  Discovery  Bay,  near  tbe  western 

■^      "  "  ^     ^       '„  .^v      It  ilrains  an  area  of  about  4,500  square  miles. 

^      -  ■  •  '^^  ^  _ .,  ^^.rutr  of  the  continent  the  Mitchell  and  Snowy 

*     -  ■     '■""^"  ,'^,  I'aciric  Ocean.    Tbe  former  rises  in  the  sonthern 

-   "■    ■  "'     •iis'vlu-'  Banpe,  emptyiug  itself  into  Lake  King,  and 

■     ^    '  *""    ■  ^.j^  ^within  the  colony  of  New  South  Wales  in 

y-        ■'•'    ,"\^",^^    -jhelengthof  its  channel  is  about  400  miles, 

*    ^         .  'AW^'^s^'nie  5.000  square  miles.    Sext  iu  point  of  geo- 

'      '    '*^^■.  a -a  imiwrtauce  are  the  Honter  and  Clarence  rivers, 

".^        I    .■»t»     The  former  from  ita  source  iu  the  Liverpool 

;    .  .^-i.  .  K*..     ■  .,^  ^gg  to  tbe  port  of  Newcastle.    It 

'\fcx  ^Htt  \\  ;iUvi  vii**  *"*  **"  ^__^ ^ 

_  .„  in^i^iiilicuDt  to  merit  separate  treatmeDt  here. 
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draiua  an  exceediDgly  fertile  basin  of  7,900  sqaaie  miles  of  the  floeat 
pastoral  and  agricaltural  land  in  tlie  wbole  colony,  and  large  steamers 
and  other  vessels  navigate  its  waters  for  a  distance  of  some  35  miles, 
besides  one  or  two  of  its  tribatariea,  which  are  also  navigable.  The 
Clarence  is  certainly  one  of  the  finest  streams  of  eastern  Australia, 
nitbongh  the  entrance  is  obstracted  by  a  bar.  From  its  sonrce  iii  the 
Obebsk  Mountains  to  the  sea  in  Slioal  Bay  it  flows  through  a  channel 
of  240  miles  in  length,  draining  a  fertile  valley  of  8,000  aiiuare  miles. 
It  is  navigiible  from  the  sea  np  to  Copmanhurst  for  67  miles.  The  dis- 
trict is  famoas  for  its  mineral  areas  and  for  its  rich  agricnltural  and 
pastoral  lands.  The  Brisbane,  Fitzroy,  and  Burdekin  rivers  are  snch 
as  to  merit  something  more  than  mere  piiHsing  notice.  From  a  com- 
mercial standpoint  the  first,  taken  in  order  of  position,  is  uodoabtedly 
the  most  important  stream  with  which  we  have  to  deal  on  the  eastern 
coast  of  the  continent.  It  rises  in  the  most  northerly  extension  of 
Cooyar  Range,  north  of  Monnt  Stanley,  and  flows  in  a  general  south- 
erly and  eiisterly  direction  through  a  very  crooked  channel  for  210 
miles  to  Moreton  Bay.  It  combines  with  its  own  the  united  waters  of 
the  Stanley,  Bremer,  Cooyar,  and  other  tribntary  streams,  by  which  it 
is  so  greatly  augmented  dnring  periods  of  heavy  rain  that  many  of  the 
low-lying  areas  within  its  basin  are  seriously  flooded.  It  drains  au 
area  of  5,300  square  miles,  including  that  part  of  the  East  Moreton  dis- 
trict bounded  on  the  northwest  by  the  Main  and  Cooyar  ranges;  on  the 
sontheaat  by  the  watershed  of  the  Logan  Kiver;  and  on  the  northeast 
by  the  D'Aguilar  Range.  The  flourishing  and  rapidly  rising  capital  of 
the  great  northern  colony  of  Queensland  is  situated  on  the  banks  of 
this  river,  about  15  miles  from  its  month.  It  is  navigable  to  Brisbant^ 
for  the  largest  steamers,  and  for  small  vessels  iis  far  up  as  Ipswich. 
The  Fitzroy  is  a  large  and  important  stream  180  miles  long,  with  about 
twelve  tribataries.  It  is  navigable  for  large  ves-sels  for  40  miles,  to  the 
town  of  Rockhaiopton,  and  drnina  an  area  of  some  55,000  square  miles 
of  country.  The  Bnrdekin  River  is  a  large  stream  of  425  miles  in 
length,  draining  an  area  of  55,529  sqmiro  miles,  whose  tropical  waters 
are  discharged  in  the  Pacific  Ocean  at  Upstart  Bay.  It  is  not,  how- 
ever, navigable,  except  for  small  ve-ssels,  a  few  miles  only,  and  during 
heavy  floods  tlie  channel  is  liable  to  undergo  much  alteration.  The 
delta  lands  are  exceedingly  fertile,  but  the  river  itself  is  of  little  value 
for  commercial  purposes.  The  subsoil  is  iiorous  and  the  surface  soil 
very  rich.  The  whole  of  the  lower  basin  is  eminently  a^lapted  for 
tropical  agriculture,  and  the  areas  of  the  delta  are  highly  productive 
sugar  lands,  most  of  which  are  under  cultivatiou  and  yielding  remark- 
ably heavy  crops  of  cane  of  a  high  density.  In  times  of  heavy  floods 
the  low-lying  lands  are  inundated  by  the  overflow  of  the  river  waters, 
but  the  deposit  of  sediment  left  on  the  surface  considerably  increases 
the  fertility  of  the  soil.  In  the  northern  part  of  the  continent  there 
are  several  remarkably  fine  rivers,  some  of  which  are  of  considerable 
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)in|mrl«oc<v  ««|w>ciiUlj'  tiie  Victoria  and  Boper.  The  IbnDcr  is  a  sptai- 
did  aTr«<MU,  the  Mniray  of  this  side  of  the  continent,  disemboguing  into 
llw  IiuliMi  tV«Mi,  Utitodr  14^40'  sontb;  tongitnde,  12S^2l'«mBL  Its 
n)o»tlt  i!)  :>)  mil«s  vide,  the  main  eatrauce  being  Qneens  Channel, 
tlmMi^h  wltirli  it  >:*  navigable  for  the  largest  ships  for  fnllf  50  miles 
tn\n\  ih«  M>a,  and  for  lijiht  draft  river  vessels  some  60  miles  fiutho*, 
lt>  a  |t)a(y>vhNvoor  veteran  e:q>lorer  (Hon.  A.C.Gregory)  atone  time 
cikntiHHl  fivr  so>-w»l  »»owlh».  The  river  Is  easy  to  navigate,  even  by 
)*inMtcvT»,  Ilt<>  fuinciiutl  rhanuel  Iteing  wide  and  de^p,  witli  few  impedi- 
itioitiM,  The  Violori*  drains  an  extensive  tract  of  magnifiomt  pasto- 
vrtl  v^witlry  of  th*"  rriheist  quality,  comprising  an  area  of  aboat  90,000 
<M|«rt»y  nultvx;  of  ihi*  it  has  been  observed  by  early  travelers  that 
lht>«>i  )!t  (I  j<rv«l«>r  Inxnriitnce  of  grass  than  had  been  met  with  in  any 
oih«>i-  ivatt  *«C  ih**  '<^^)>1-  ^^  whole  of  the  basin  is  t^nndaotly 
\«  HU>tw)  by  t«  oipitms  tn^pical  rainfall,  and  there  are  do  elements  of 
HHwriMHily  n»  the  i-bmatio  feamrea  of  the  region.  In  comparing  this 
«»«j!»iHivi»l  <>\wnwTv>i»l  highway  with  other  famous  streams  of  tlie 
\\»«ld,  r«i»i»»i»l''*rr«ns'<»>'-''f*'<'®""*J'*'*  it  in  the  Government  steamer 
l\.f«t,-.*r-.i.  )»  issi.  writes  that,  "in  view'' of  "its capability asaharbor 
lUid  il!»  t-jtxnuvv*  of  tw^vis."  he  has  "no  hesitation  in  saying  that  the 
\  icum*  I!,  tie  ftnix-i*'*!"  I"  '•'^  Thaaies,  Mersey,  or  Hooghley."  No 
Nhiv»t)i  lulhoiKivihoru  |v)rt>>rtlie  continent  is  perhaps  more  widely  and 
lu'llt'V  Viuiwii  in  ^-wvlj-  wtowists  than  the  Roper  River;  it  has  been 
.ill.-m^v  n-.-niu'nt<Hl  Ibrtn  any  of  lhe>  other  streams,  especially  at  the  time 
w  li<>u  I  Ih<  »\  t't'htud  tt>lt>|fi-it)>h  line  was  being  constructed,  the  stores  and 
iitiMoi'itil  I'm'  lhi>  iiitrthei'U  (xtriiou  of  which  were  landed  there.  It  is  a 
Imiu  n\t>r  pt'in'tvutinji  fitr  inio  the  interior  and  is  navigable  for  vessels 
diiiwliiu  flttin  ItMo  ll!  IW'I  for  over  00  miles  (him  the  sea.  Its  waters 
iiro  (llHvhiirKi'il  into  1lii>  Mi)ilhwiv«t  |wurt  of  the  Gulf  of  Carpentaria,  in 
llio  ImiiitxIiitlK  Doliiltltitt-hitoil  of  MuHa  Island,  the  ooast  being  at  this 
(ilnvn  very  Mm,  with  a  wide  iViuj.-x'  of  mangroves  and  ext«nsive  shallow 
lutli'liKM  i>r  nind  and  mmd.  Krom  the  sources  of  its  more  distant  triba- 
tai'l*'",  hi  llii>  t'oiitial  poi-tixu  of  the  Korthern  Territory,  it  flows  almost 
iliin  im«t  III  Mi«'  Noii,  lli'sid'-*  these  there  are  several  other  large  and 
lm|i.irhiiit  iiiirtln'iii  i.lMMiins,  es|MH'i;iIly  the  Adelaide  and  Daly  rivers. 
'I'liit  lUi'iiier  lliiWM  thitxiKh  a  s|>lt'ndid  pastoral  couutry,  laxariantly 
uniHNi'il.  iiihI  I«  iiii\  ln'tt'lo  '""i'  <*** '""  '>*"  '""«*  ^7  vessels  of  10  or  12  feet 
(Iriill.  It  luKi'N  ItN  liHoiii  the  itoiKhl^irhoml  of  Pino  Creek  Railway  8ta- 
lliiii,  nil  IliK  nvi'i'litiul  telet.'nil>h  line,  and  discharges  its  waters  into 
Ailiiiii  lliiy  itl  tliiieme  Slnut.  The  hitter  stream  may  be  navigated  by 
I'lvoi' IxiiitN  I'lii'Moiiie  III!  iiilW  1Vt>ni  the  sea,  into  which  its  waters  are 
(|lKflHiiK'''liil.  AiiHiiii  hiiy.  It  t«  II  long  river  with  several  widely  expand- 
ing tilliiilii' let,  mill  It  tniveriteHiin  extensive trnctof  country,  including 
Hiitiitt  llrieiiKiieiillnniluiid  |iiwtoraI  lauds,  and  there  are  valuable  copper 
iulli*">  ■"''"'  "'"  I'ltvlifitble  portioa  of  its  channel. 
It-'—  •'•  LlieitliMiiiii'oiif  high  mouutaiu  ranges  and  on  account  of  the 


THE    PHTSICAL    OEOQBAPHY   OF    AUSTRALIA.  263 

peculiar  pliysica]  Btructure  of  the  coantry,  there  are  no  riverB  of  tmpor- 
tance  iu  tlio  wefltero  part  of  the  coiitiDeot.  True  there  are  some  of  the 
streams  of  from  300  to  even  600  miles  in  length,  snch  aa  the  Fitzroy, 
Ashbartoti,  Gascoyue,  and  Blackwood  rivera — the  flrat  three  fiowiug 
into  the  Indian  Ocean  and  the  last  into  Flinders  Bay,  Bat  these  are 
only  developed  into  true  continental  streams  dnriug  periods  of  very 
heavy  rains,  when  enormons  volumes  of  water  rush  through  their  chan- 
nels to  the  sea,  Bometimea  overtlowiiig  the  banks  and  flooding  extensive 
areas  of  low- lying  country.  In  dry  seasons  they  are  greatly  diminished 
in  size,  the  main  channels  heiug  quite  shallow  and  of  little  value  as 
comniercial  highways.  The  Fitzroy  drains  an  extensive  tract  of  conn- 
try,  comprising  considerable  large  areas  of  very  fertile  land.  The  Ord 
Biver  is  a  large  stream ;  its  source  is  in  the  ravines  of  the  Albert 
Edward  Kange,  near  the  western  edge  of  the  Great  Antrim  Plateau 
and  Denison  Plains,  in  the  neighborhood  of  Kimberley;  thence  it  flows 
almost  due  north  to  the  shores  of  Cambridge  Gulf,  a  short  distance  west 
of  the  month  of  the  Victoria  Biver.  The  coantry  in  the  neighborhood 
of  the  head  waters  of  the  Ord  is  very  rnggetl  and  exceedingly  ditBcnIt 
to  travel.  None  of  the  rivers  are  navigable  except  tbe  Swan  for  aboat 
20  miles. 

The  whole  coast  line  along  the  entire  periphery  of  the  Australian 
Bight  is  the  most  remarkable  region  with  which  we  have  to  deal  in  this 
description  of  tbe  river  systems  of  tbe  continent.  There  are  no  promi- 
nent or  conspicuous  physical  features  along  this  part  of  the  coast  line, 
and  tbe  geographer  may  look  in  vain  for  anytliiug  approaching  a  well- 
defined  stream  of  water.  Mor  is  this  at  all  singular  when  we  glance  at 
a  general  map  of  the  coantry  and  see  the  enormons  extent  of  level 
plains  and  desert  areas  by  which  it  is  chiefly  characterized.  Except  a 
long  narrow  belt  of  sandstone  cliffs  with  which  the  coast  line  is  dis- 
tinguished there  are  no  prominent  featnres  to  relieve  the  eternal 
monotony  of  this  dry  and  uninhabited  region.  The  rainfall  here  is  very 
light,  uncertain,  and  capricious,  and  falling  on  an  intensely  hot  and 
loose  sandy  surface  it  evaporates  with  remarkable  rapidity  before  soak- 
ing any  great  depth  into  the  soil.  For  this  reason  there  is  an  almost 
entire  absence  of  surface  water,  and  consequently  nothing  to  form  or 
maintain  running  streams. 

Host  of  the  so-called  rivers  of  South  Australia  are  torrents  in  winter, 
bnt  mere  creeks  or  successions  of  water  holes  in  summer.  In  the  set- 
tled portions  of  the  province  many  of  them  take  a  westerly  course  to 
St.  Vincent  and  Spencer  gulfs,  and  a  few  by  a  sontherly  coarse  empty 
themselves  into  Encounter  Bay,  and  have  their  sources  in  ranges  trend- 
ing in  a  northerly  direction.  In  the  northern  portion.  Lake  Eyre,  an 
enonnoDS  basin  below  sea  level,  receives  the  snrplns  water  brought 
down  from  the  east  by  the  Cooper  or  Barcoo ;  from  the  northeast  by  the 
Warbnrton  and  Diamentinn;  from  the  northwest  nnd  west  by  the 
Uacnuiba  and  Keales,  respectively,  and  from  the  south  by  the  Frome. 
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All  tiKse  large  water  eouaeo  ve  SDed  to  tiieir  utmost  capacity  during 
wet  aeaaooH,  bat  lq  dry  years  Oksy^  h»ve  only  a  fictle  permanent  Tster 
in  Cbem. 

Lake». — Most  of  tbe  so-called  lakes  ot  Australia  are  insigniflcaDt 
depreaoiMS  liUed  with  the  atonn  waters  of  widely  expanding  river 
ebaanela  duriag  beitvy  rains.  In  the  central  regioBs  these  are  spread 
out  oTtt  ezteoHiTe  ahallov  bacins>  oaaally  samMmded  by  a  thick  deposit 
of  nnd,  whoMe  sortiiL-e  ia  eharaeterizcd  by  a  hard  and  treacberons 
(uliite  cmst.  Located  in  ra^t,  rainless,  saltbash  eoontry,  where  the 
heat  is  intense,  the  dood  waters  evaporate  with  astonishing  rapidity, 
and  for  uost  part  ot'  the  year  these  lakes  are  nmply  enormons  mad 
basins,  where  suit  u  deposited  in  large  quantities.  Dnring  the  rainy 
season  they  are  apiin  filled  by  the  dood  waters  of  inland  rivers.  The 
largest  are  lakes  Eyre,  Amadens,  Gardiner.  TorrenSr  Frmne,  and  Greg- 
ory, all  more  ot  less  salt.  The  eondgaratioa  of  the  continent  is  not 
favorable  to  the  fivmation  or  existence  of  large  natural  reservoirs  for 
the  storage  of  permanent  fresh  water  in  the  inland  regions,  sach  as 
are  to  be  foand  in  INew  Zealand  and  other  coontries  where  deep  lake 
baittDS  occar  in  ntonntain  regions  and  on  high  table-lands.  Formed,  as 
Anatralia  is.  like  the  inverted  half  of  a  gigantic  bivalve,  with  the  east- 
em  part  high  and  dipping  more  rapidly  toward  the  center  than  the 
western  half,  wbich  gradaally  and  imperceptibly  slopes  inward,  most 
of  the  inland  ba.tin  is  ll;it,  the  soil  and  npper  Btratnm  highly  abwrbent, 
while  the  lower  portion  of  the  bed  in  several  parts  is  not  macb,  if 
indeed  at  all,  above  sea  level.  For  this  reason,  and  in  view  of  the 
general  phy»i(ral  stmctore  of  the  continent  as  a  whole,  I  regard  the 
theory  of  tmbterranean  channels,  tbroogh  which  it  is  believed  that  large 
volnmes  of  rainwater  find  their  way  to  the  sea,  as  altogether  erroneous. 
No  leakage  of  sufficient  magnitade  to  compensate  for  the  somewhat 
rapid  disappearance  of  the  flood  waters  of  some  of  onr  inland  rivers, 
in  my  opinion,  exists,  and  the  convenient  sopposition,  for  such  it  really 
is,  that  the  few  and  insignificant  submarine  springs  between  Cape 
Otway  and  the  month  of  the  Slnrray  Kiver  are  indicative  of  Bmh, 
ari>ten  more  from  a  preteruaturally  excited  imagination  than  fhim  a 
i list  conception  of  the  fundamental  law  of  hydrology.  Several  soH»lIed 
leakages  no  doubt  occur  along  some  parts  of  the  coast  line,  oozing 
through  the  porons  strata  or  in  the  form  of  bubbling  springs,  such  as 
may  be  met  with  along  the  shores  of  most  of  the  Pacific  islands,  bat 
the  necessary  evidence  to  sustain  the  theory  that  large  volnmes  of 
fVesb  water  are  discharged  into  the  ocean  tl^rough  subterranean  chan- 
nels is  not  at  present  available. 

Flood  waters  are  usually  highly  charged  with  sediment  that  is  bold 
more  or  Iohs  in  Huspension  wliile  they  pass  through  channels  of  steep 
declivity,  but  wbieli  is  rapidly  deposited  over  areas  where  the  minimotD 
velocity  occurs.  Tlie  primitry  effect  of  deposition  is  experienced  in  the 
rapid  or  gradual  silting  up  of  water  channels,  and  consequent  dtmiDu- 
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tion  ID  their  carrying  capacity.  Viewed  in  this  light,  it  seems  to  me 
improbable  that  any  system  of  subterraiieaa  chaQoels  coold  always 
remain  effective  along  comparatively  low  levels.  Against  this  opinion 
it  may  be  stated  that  the  flood  waters  filter  through  the  apper  strata 
and  are  thus  Ireed  from  sediment  before  the  lower  levels  are  reached. 
Bot  this  is  not  by  any  means  conclusive,  for  the  efficiency  of  filter  beds 
is  liable  to  become  impaired  or  altogether  ineffective  by  heavy  deposi- 
tion of  sediment  and  saperincnmbent  or  interna)  pressnre.  As  previ- 
oasly  remarked,  the  central  basin  of  onr  continent  is  characterized  by 
an  almost  uDiformly  low  (lepression,  in  places  actually  below  sea  level, 
over  which  the  flood  waters  of  oar  inland  rivers  spread  oat  in  immense 
shallow  sheets,  but  through  which  it  is  scarcely  possible  they  cnu 
gravitate  to  the  sea  in  opposition  to  the  local  hydrographical  conditions. 
Thronghont  these  central  catchment  areas  an  absolnte  deposition  of 
sediment  occurs,  and  most  of  the  waters  rapidly  disappear  by  the  simple 
process  of  evaporation.  On  higher  levels,  where  the  waters  pass  over 
or  are  collected  on  highly  absorbent  cretaceous  beds,  some  are  retained, 
from  which  our  artesian  sappHes  are  probably  derived ;  but  even  here 
a  very  targe  i>erceutage  is  lost  by  evaporation,  which,  in  my  opinion,  is 
of  itself  sufficient  to  compensate  for  the  speedy  drying  up  of  shallow 
water  boles  and  river  beds. 

Along  the  eastern  seaboard  there  are  several  natural  reservoirs  of 
fresh  water,  such  as  Lakes  George  and  Bathurst  and  other  smaller 
basins,  inappropriately  called  lakes,  but  which  in  reality  are  merely 
li^oons.  These  are,  however,  comparatively  shallow ;  even  the  largest 
has  been  knowu  to  be  quite  dry  in  times  of  severe  and  protracted 
droughts.  The  most  remarkable  and  at  the  same  time  unique  of  all 
the  Australian  lakes  is  that  which  occurs  in  the  alpine  regions  of 
Gippslaud.  Situated  in  one  of  the  recesses  of  a  lofty  range  culmi- 
nating in  Meant  Wellington,  5,000  feet  above  sea  level,  in  a  beantifnl 
lakelet  known  by  the  native  name  of  Tali-karng,  whose  height  above 
sea  level  is  abont  3,000  feet.  Mr.  A.  W.  Howitt,  who  examined  it  in 
1890,  concluded  that  the  basin  of  the  lakelet  bas  been  formed  by  an 
accumulation  of  rock  fragments  that  fills  the  valley  of  Nigothorak 
Creek,  and  thus  dams  up  the  water,  which  does  not  overfiow  the 
embankment  even  in  times  of  flood.  It  is  about  100  feet  in  depth  in 
the  deepest  part;  the  snrfaee  is  pear-shaped,  and  it  covers  an  area 
estimated  at  about  twenty-six  acres. 

ClimaU, — ^The  potent  influence  of  climate  upon  the  inhabitants  of  a 
country  ae  well  as  u{M>n  its  natural  and  artificial  resources  renders  its 
consideration  essential  in  dealing  with  the  subject  of  physical  geogra- 
phy. Kot withstanding  the  rapid  development  of  Australian  meteor- 
ology doriug  recent  years,  resulting  chiefly  from  tlie  widely  scattered 
ramiflcationa  of  the  Queensland  weather  office,  under  the  enthusiastic 
direction  of  Mr.  Clement  Wraggeithe  climate  of  our  coontry  as  a  whole 
has  not  yei  been  satisfactorily  elucidated,  altfaongh  the  older  estab- 
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lisfaed  offices  at  Sydney,  Melbourne,  and  Adelaide  have  for  many  years 
given  iudcIl  attention  to  tbe  Hubject.  Thuiks  to  the  enlightened  policy 
of  the  Qaeenslaod  government,  itinch  indeed  has  been  done  in  reoord- 
iag  atmospheric  phenomena  at  namerons  stations  spread  out  over  an 
cnormonsly  wide  field,  estendiog  even  outside  of  what  is  usually  con- 
sidered the  geographical  limits  of  Australasia  proper.  But  noftiiida- 
mental  law  has  yet  been  established  by  which  the  meteorologist  can 
foretell  any  remarkable  seasonal  changes  by  which  our  pastoral  and 
agricultural  indnstries  are  so  largely  iuttnenced;  nor  yet,  indeed, has 
any  satisfactory  explanation  been  given  of  the  probable  cause  of  pro- 
tracted droughts  or  seasons  of  maximum  rainfall.  Meteorology,  it  is 
true,  is  yet  in  its  infancy,  in  this  part  of  the  world  at  least,  and  if  an 
elucidation  of  our  climatic  cliangea  is  to  depend  upon  an  accamolation 
of  recorded  data  rather  than  upon  abstract  scientific  principles  based 
upon  dednctive  premises,  then  a  generation  of  observers  must  pass 
away  before  we  can  hope  for  any  satisfactory  results.  In  this  connec- 
tion an  interesting  and  vitally  important  subject  awaits  cousideration. 
1  refer  to  the  influence  of  our  Australian  climate  upon  tbe  European 
inhabitants  of  the  country,  and  more  especially  upon  the  native-bom 
Anglo- Australian.  In  this  land  a  distinct  austral  branch  of  the  race 
has  been  planted,  and  nothing  can  be  more  interesting  than  to  note 
the  extent  of  climatic  inflneuce  ui>on  tbe  physique  and  natural  charac- 
teristics of  that  race.  Tbe  geographical  position  of  Australia  places  it 
within  the  inllnence  of  two  powerful  atmospheric  zones  of  unequal 
temperature.  Two  thinls  if  not  the  whole  of  the  continent  is  more  or 
less  affected  by  the  widely  circulating  equatorial  air  currents  that  fre- 
<inently  sweep  down  upon  our  shores  with  rapidly  developing  energy 
across  the  Indian  Ocean.  These  strike  our  seaboard  with  euormons 
cyclonic  force,  carrying  with  them  great  dense  masses  of  vapor  clouds 
that  condense  and  empty  themselves  in  the  form  of  heavy  precipita- 
tions, which  cause  abnormal  tloods  over  the  low-lying  face  of  the  conn- 
try.  As  it  is  natural  to  suppose,  the  northern  or  tropical  division  of 
Australia  is  more  largely  iutlueuced  by  these  equatorial  disturbances 
than  the  other  portion,  although  at  times  their  extreme  sonthem  limit 
reaches  a  high  parallel  of  latitude.  On  the  other  hand,  we  are  some- 
times, although  less  frequently,  vi^^ited  by  the  cold  antarctic  disturb- 
ances that  overlap  extensive  southt:  n  areas  of  our  country.  That  the 
climateof  this  part  of  tbe  continent  is  influenced  by  tbe  south  polar  air 
and  ocean  currents  there  can  not,  I  submit,  be  the  slightest  doubt,  and 
an  exhaustive  investigation  of  this  subject  is  of  tbe  most  vital  impor- 
tance to  science  and  commerce.  Toward  the  solution  of  this  interesting 
problem  nuicb  will  doubtless  be  done  by  a  more  extended  acquaintance 
with  the  antarctic  regions  when  further  exploration  of  far  sonthero 
latitudes  is  accomplished.  Tbe  presence  of  enormons  masses  of  polar 
ice  in  Australian  waters  in  close  proximity  to  the  shore  is  not  by  any 
means  an  uncommon  occurrence,  and  when  it  is  considered  liow  com- 
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parativelynarrowthebelt  is  tbat  separates  u8  from  the  actnal  northern 
limit  of  the  antarctic  ice  drift  we  will  probably  admit  tbat  there  U  some 
affinity  between  our  own  climate  and  that  of  far  soathera  lands.  There 
is  also  a  probability  that  the  recently  discovered  traces  of  so-called 
glaciation  in  oar  owd  coantry  is  not  an  indication  of  a  tme  glacial  period 
atalljhnt  simply  isolated  fragments  of  southern  ice  masses  which,  hav- 
iiigdr1It«d  far  away  into  northern  regions  wheo  there  were  much  smaller 
aod  fewer  land  areas  to  impede  the  circnlatioD  of  Antarctic  Ocean  cnr- 
rents,  stranded  on  the  soathern  shores  of  a  partially  submerged  conti- 
nent dnringf  a  period  of  rapid  evolution,  when  the  predominant  physical 
conditions  would  favor  the  preservation  of  traces  for  ages.  Be  this  as 
it  may,  the  significant  fact  remains  that  the  only  traces  discovered  have 
l)eeu  foaiKl  in  the  extreme  southern  portion  of  our  continent  and  on  the 
Deighboring  island  of  Tasmania— a  circumstance  which,  in  my  opinion, 
strongly  favors  the  theory  of  ie©  drift.  The  great  extent  of  our  conti- 
ueot  and  compactness  of  its  laud  mass  invest  it  with  a  very  wide  range 
of  ciimat«.  There  are  three  distinct  and  primary  zones — tro]iical,  sub- 
tropical, and  temperate,  and  these  may  be  subdivided  into  local  divi- 
sions, representing  the  climates  of  our  seaboard,  the  mountains,  table- 
lands, and  the  great  central  desert  area.  On  the  whole  the  tropical 
climate  of  Australia  is  not  by  any  means  unhealthy  to  Europeans.  On 
some  of  the  low-lying  coastal  areas  in  the  immediate  neighborhood  of 
swampy  aud  marshy  lands  malarial  fever  is  readily  contracted  by  people 
ivho  are  not  acclimatized  and  by  those  who  rashly  expose  themselves. 
The  subject  is  a  difficult  one  with  which  to  deal;  so  many  contributing 
causes  have  to  be  considered — physical  condition,  food,  clothing,  mode 
of  life,  and  other  predisposing  factors  require  special  elucidation  before 
the  extent  of  absolote  climatic  influence  can  be  properly  estimated, 
ludividnal  opinion,  and  indeed  individual  experience,  is  not  by  any 
meaus  a  satisfactory  guide  in  inve^^tigatiug  this  subject,  for  men's 
opinions,  like  their  phyucal  conditions,  rarely  harmonize.  JSfr.  E.  A. 
Leonard,  who  spent  some  time  in  the  Cardwell  district  land  surveying, 
says:  "The  climate  is  very  trying  to  white  men,  who  must  rapidly 
deteriorate  in  physique  should  they  live  there  continuously."  There 
are  many  people  who  concur  in  this  opinion.  On  the  other  hand,  Mr. 
A.  Meston,  who  has  had  a  long  experience  in  widely  different  parts 
of  the  country  and  who  gives  an  interesting  chapter  upon  the  subject 
in  his  recently  published  valuable  work,  regards  the  tropical  climate  of 
iiorthea8t«ra  Australia  in  the  most  favorable  light,  maintaining  that 
it  is  exceptionally  healthy  to  Europeans.  Unjustifiable  prejudice  has 
iDDch  to  do  in  a  case  of  this  kind,  but  taking  all  things  into  considera- 
tion I  am  inclined  to  believe  that  continuous  domicile  in  any  tropical 
climate  is  not  favorable  to  perfect  health,  viewed  from  an  Anglo-Saxon 
standpoint;  and  this  is  especially  so  iu  the  case  of  females.  There  are 
certainly  periods  of  uncomfortable  inertia  that  seem  to  insinuate  them- 
Belves  even  upon  those  who  are  physically  healthy,  and  these  have  a 
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bft  ti^im^ir  in  m.  r.'t  tlidS  *  CrDnii-^  efi^aee  is  acrcr  salabrioas,  except  oo 

Within  the  ti^mpwace  ioo«  :&«  .-[iniaSe  vams  pieatly  with  the  lati- 
ffi*l«,  aii'l  it  i*.  iDorpovCT.  rvv»m*»i  TKryHsrh  by  extent  of  elevation 
ami  otUrr  Utenl  f^tntganu-m  'y(  paysifal  rackditiiMia.  In  the  soatbem 
Mtifl  ft/)rithea.«tem  porti^a  o(  tii«  ironciiiest  the  climate  is  cool  and 
r'-((ifirlial»Iy  li«aUhy  throojhrtot  the  year,  except  two  or  three  months 
ittWiPi  MiimmKT,  when  the  temperature  is  aboorBaHy  high  and  hot  winds 
iiKir*'  itT  U-nn  prf^valftiiL  Along  the  seaboonl  .»f  this  dirision  the  atmoe- 
jilifin  In  riirely  free  Irom  moisture,  and  this  desent  ofdiacomfort  is 
f\uvTU-wf*\  moTf.  ke^-nly  r>n  the  low  lyin*  and  deltaic  lands  of  river 
vtilli'.vfl,  wlicre  the  allnvial  soiI»  absorb  and  retain  a  larger  percentage 
or  till-  niiiifnll  than  on  the  neigfabaving  oodnlating  tracts  of  conntry 
wliPH'  A  c""d  iiatnnil  drainage  exists.  On  the  Ubie-Iands  of  the  New 
Ivniflflii'l.  Moiiiiro.  and  other  districts  the  cKmale  is  at  all  times  aalabri- 
(rii" ;  nird  in  tlie  apland  mountain  regions  of  the  sontbem  Alpine  chain, 
t)ti>  l;iii«-  MoTiiilAins,  and  Liverpool  Range  the  cold  is  acately  felt  in 
nliiffr,  iiii'l  diirinf;  the  ftummer  months  the  atmosphere  is  sharp  and 
firK'ifti;.  In  the  great  central  basin  of  the  continent  the  ataoosphere  is 
(It  V  ,'.(i<l  iiif^-TiM-ly  )iot;  there  is  little  or  no  rsinhll,  and  most  of  that 
iiiiil  n(  Him  C'lniitry  is  a  vast,  arid  desert,  altogether  nn Inhabitable. 
11,1.  •wi-.-U-ut  plitlim  of  Sew  Sonth  Wales  are  remarkably  fertile  for 
inn'ii't'  piif("f"'f<,  notwithstanding  the  scanty  rainfall,  and  with  a  good 
.  Kjijil^  of  fit  f (■"inn  water  tiie  soil  is  eminently  suitable  for  .-igricnl tare. 
H>i  I'l'itim  cllmtilo  is  famons  for  its  healthftilness,  especially  for 
lli'>  I-  vUii  ffi-iih  I'lii'HlM,  the  atmosphere  being  exceedingly  dry  and  the 
l<  i..|,if<ii(ii-  itiill'ti'iiily  liif^b.  In  Qneensland  the  Darling  Downs  and 
l.tti  rtl'-lrl'fa  |i'jMni'Hn  the  finest  climate  of  Aastralia.    For  con- 

,(,,|,n  !■■  iii>i\  t) witli  weak  respiratory  organs  it  is  nneqnaled  any- 

I  M  'iii'\  Hii'ii'  iiiK  iiiirticnius  instances  on  record  of  cures  having 
I      n.llnhil  Iti  fhiM  jiiiil.  of  the  country  wherecases  werecoDsidered 

1,1"      f iiioinr  Ihii  iiftniinphere  is  extremely  dry  and  hot,  but 

I  - 1-    'I'lii'  aliiliT  montlis  are  delightfulIy(sool  and  bracing — 

' llitii  H  (ii'i'iinitifT,  lint  never  severe  nor  of  long  dura 

llitiiil(>  Ih>ii<  <>t  In  nil  respects  on  a  parallel  with  that  of 

'iiiK'  iMiiti iiiitiiblM  reason,  most  probably  arising  from 

i(   l,.iiiiiiiiirii  I'liinhlncd,  the  climate  of  the  East  Moreton 

ii  II  (■ii|ip.iHi'it   III  1x4  nncomfortably  hot  and  enervating. 

I  iiiil   llii-  iiiMi  limy  eimily  be  proved  by  reference  to  the 

lili  I   iMiilliiH'  liiii'itaii  lind  to  the  vital  Btatistios  of  this 
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part  of  the  colony.  The  three  or  fonr  snmmer  months  are  naturally 
hot,  but  there  are  no  sadden  changes  at  any  time;  there  ia  a  remark- 
able auifonsity  of  tetnperatnre;  the  nights  are  comparatively  cool  and 
hot  vinda  entirely  nnkuown.  In  viuter  the  weather  is  most  delight- 
Tul,  the  climate  then  being  even  superior  to  that  of  Kaples;  beautifully 
ulear  sky  and  dry  atmosphere  are  the  ruling  climatic  faatures  of  this 
season  of  the  year  in  southeastern  Qneeuslaud,  The  only  slight  dis- 
comfort felt  is  during  the  westerly  winds,  which  are  seldom  of  louger 
duration  than  tbree  days.  From  the  early  days  of  settlement  on  the 
shores  of  Moreton  Bay  the  climate  of  the  district  has  always  been  con- 
sidered exceptionally  healthy.  In  The  Geographic  History  of  Queens- 
land the  anthorqnotes  an  interesting  extract  bearing  upon  this  subject 
from  a  report  written  in  1845  by  Dr.  Keith  Ballow  to  the  Eev.  Dr.  Lang. 
Dr.  Ballow,  who  hod  8i)eut  some  eight  years  in  Moreton  Bay  aa  Gov- 
ernment medical  officer,  says:  *'The  district  of  Moreton  Bay  is  alto- 
gether an  extremely  healthy  one,  there  being  only  a  few  deaths  fiom 
disease  of  any  kind.  The  climate  in  the  winter  season  is  one  of  the 
finest  in  the  world.  This  district  is  not  a  profitable  field  for  doctors." 
This  seems  to  be  the  general  verdict  of  those  who  are  qualified  to 
express  an  opinion  upon  the  subject.  The  most  important  factor  of  our 
Australian  climate  is  that  of  rainfall.  Land  without  an  adequate  rain- 
fall is  useless  for  either  pastoral  or  agricultural  pnrposes  nnless  arti- 
Scislly  watered  by  irrigation.  Although  the  total  area  of  the  continent 
is  about  2,944,G2S  square  miles,  a  vast  portion  of  that  area  has  an 
animal  rainfall  of  less  than  10  inches,  and  consequently  it  is  of  little  or 
DO  value  whatever  in  its  present  state.  This  is  notably  the  case  with 
the  great  central  depression  where  immense  areas  of  waterless  desert 
conntry  obtain.  Oonsideriug  its  compactness  and  wide  dimatio  range, 
the  rainfall  of  Australia  is  very  unequally  distributed  over  the  whole  of 
the  territory,  even  in  places  where  there  is  aregular  wot  and  dry  season. 
A  glance  at  the  rainfall  map  will  readily  show  that  this  is  indeed  very 
marked  along  the  eastern  Pacific  slope,  where  the  greatest  pluvial 
measures  have  been  recorded.  The  Cardwell  and  Mackay  districts  top 
the  score,  the  former  with  an  average  annual  rainfall  of  some  150  inches ; 
Amhems  Land  follows  with  about  03  inches;  the  Australian  Alps,  the 
Tweed  and  Mary  rivers  come  next,  each  with  50  iuclics.  These  isolated 
and  somewhat  limited  areas  are,  however,  distributed  over  a  wide  geo- 
graphic range,  extending  from  the  most  northern  to  the  southern  limits 
of  the  continent,  and  they  are  separated  by  extensive  tracts  of  country 
or  climatic  zones,  over  which  the  average  annual  rainfall  is  not  greater 
than  30  inches.  In  the  Cardwell  and  Mackay  districts,  which  lie 
wholly  within  the  tropical  rain  belt,  the  former  between  the  parallels  of 
15  and  20  degrees,  the  isopluvoise  lines  of  ^  to  70  inches  are  very 
closely  packed  together,  so  that  the  heavy  rains  in  these  zones  seldom 
extend  beyond  the  Coast  Range,  but  are  mostly  precipitated  over  the 
deltaic  lands  of  the  river  and  valleys  and  on  the  Pacific  slope  of  the 
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DivTiiinc  Banirf.  '.n  -li«iw  UTcnrtB  -ikor :»  a  n^^alar  wet  a»d  dry  8es^ 
MB — r^ltr  :i»Tui^  in-imii;;  n  "lur  miadi:*  'if  Dee^ber.  Jannaiy,  and 
r-itmarr.  -r'Jt-n  "tif  mnuewiiim' ,»  jwM-iif  'adm  witli  moistiire  and  the 
-ibade  Tenm^fanirp.  n  :n>iB  ■*<  '«>  -M  itegrwiA.  ttxceediniclT  oppcmiMTe. 
Dnnne ''.ii.-<  prr:i->i  'brrv  p  i  >n*v»iiiaca<>iTtie»itc  vtnd.  wiueh  changes 
ri>  *in[;]>-:kiir  uiit  i>r.nuiie>  ii  ~:i;tc  irumr  clinMif^faoat  xbe  r^naining 
nine  iiii>nrti>  >r'  :hf  ~ear.  Iii  "b*  Oint'T^il  ■liscm.-t  the  Cropieal  aemb^ 
■mBwnines  .wmMiit  "iiv  r-Mt-s^  10  a  jucQt  »t'  over  2.0W  feet,  wbov  the 
'«^lI>«^.t^m^  >  owit  tLiiui  "iuc  i>  -T:iii.-ii  ~u«r  nniperiT  beiotip.  bat  such 
•siw>M  oniv  'jn-nr  -t'utt-  -.if  .MM-jmc  ■:*iii»  :»r*  exireptionally  rich.  In 
A.-tidmh-  L^Dil.  .ir  Ail  "bar  .nz^  'Sine-\.uul  purtiuo  of  the  Xortbem 
TiTTrrarr-  -it  Stuirii  A  i>traii;i  Luirtti  "i  rlif  nxn^oitfa  par.klIeL,  the  uiniial 
riiniiiil  .kviTiC*^  iDonc  W  inciie-*.  jml  i»  mocv  •iitaallyuMl  generally 
<tisrr:har>^[  ~.iaii  in  mij  '>ri]>-f  nurr  or'  ai<!  •irDnocDt:  tbe  ciinate  is,  of 
(•onrs**,  Tr»rui:i;.  ■)ot  :iie  munimir*  ami  tfTemne*  ire  ^eDOaUy  eool. and 
rhe  TiHR;ii  iii.-**:'nurur-.*  or'  zht:  mvi^T  iiminj'ntiMe  of  th*t  low  lyinjt  ewt^n 
anit  anrtliem  >->KMr  :aii*i>  ,tr«  aoc  ;eit  ht^re  on  the  dry  apland  zone  of 
Che  pl:tr*^an.  A  n*[ii;LrxjMe  ieur:ire  of  the  prev-^Iing  Ao^traluut  cli- 
mati*  i»  fi.nmi  m  ciie  nr.niiv  .iinimwhiri^  ruiniiill  alter  eroesing  the 
Great  r»iTiiLnj  Ran^eof  ciii^ -ttiarlKTii  and  e-^^mi  eonlillera.  There 
W  an  iTiim»-n,--e  belt  Dt  .:i)iintry  t-iiiinr'siiii  the  western  |>laiD8  of  Sew 
Son:  ii  W.iiM*  arnl  i^eensiiiml :  <  .^ir-e  Y-irfc  PeniDsohk:  the  whole  of  the 
eonnrry  bunier.ns  npim  ami  (^■^reo-La^  ti*r  .south  from  the  bead  of  tbe 
<inlf  of  rarnentaria:  ni..til  uf  the  *>iic!ieru  portion  of  the  Northern 
Territory  of  Soiith  Anstnilia,  ami  tiie  G^oel^  and  Kimberley  distrtcte 
of  Ihe  western  portion  of  the  conrineut.  where  the  average  aonnal 
rainfall  does  not  eiireeil  from  li>  to  '■'»  iucbei*.  Except  is  tbe  extreme 
»r>nrbwt-;*t  corier  of  Anstralia.  where  tbe  is.>pInvoise  line*  of  20  and  30 
inr:he!4  are  fiirly  wtrll  established,  the  rainfall  of  tbe  western  diTisioD 
in  ver>-  «i:anty,  l>eirig  limited  to  a  narrow  bell  along  the  seaboard,  where 
it  only  AvttTA'^ttn  from  10  to  2H  inuhes.  In  tbe  Man-hison  and  Gascoyne 
distrintn  extremely  heavy  ilews  oi-inr.  wbiob.  no  donbt,  eonipensate  to 
Home  extf^rit  for  the  lack  of  an  3ile<iaate  raintall.  In  the  northern  (lart 
of  we.Hlem  An-'tralia  the  wet  season  commeDces  in  December  and 
iDiiialiy  endH  in  March,  and  it  is  darin;;  this  period  the  destmctive 
)!y*;l*»Ttic  Htonnn  are  experienced.  The;*  are  of  tbe  trne  eqaatorial  tyi« 
Hrid  move  along  with  enormons  velocity,  often  eansing  great  destmctioo 
tfi  pro[)erty  and  not  infre^jnently  loss  of  life.  The  wet  season  of  the 
HfriiUiftni  diHlrict  is  from  A])ril  till  October,  during  which  time  most  of 
IJm  aririiiHl  riilnfall  in  recorded.  Tbe  climate  here  is  temperate  and  in 
nvt-ry  rcn\iv(;t  congenial  to  Europeans;  fmits  and  agricultural  produce 
iiro  ph^iitiriil,  and  tht^  forcHts  yield  an  abundance  of  very  valnable  tim- 
lmr«.  Ill  Mm  Kimlwrlcy  diHtrict  the  beat  of  the  summer  months  is 
liili'iine,  but  during  tbe  cool  season  the  climate  is  agreeable.  In  some 
of  IJjit  Dorthi'vn  diidrlcts  Hie  temporatnre,  although  very  high,  is  not  by 
any  uiraiit  liilmiciil  to  lieatlh,  a^  the  atmosphere  is  remarkably  five 
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Crom  moistare  and  the  heat  leaa  oppressive  thau  in  otiier  parts  where 
the  humidity  is  great  aiid  the  tbermometer  lower.  Od  the  table-lands 
of  the  interior  of  this  part  of  the  country  the  diniate  dnringthe  greater 
portion  of  the  year  is  deligbtfal,  bot  of  the  far  eastern  or  central 
di:itricts  little  is  known  beyond  mere  report,  which  in  most  cases  is 
nnreliable. 

Sonth  Australia  is  not  by  any  means  an  abundantly  watered  colony, 
the  rainfall  being  probably  less  than  in  any  other  part  of  the  continent, 
lu  the  neighborhood  of  Adelaide  there  is  some  20  to  SOiuches  annually, 
the  average  record  being  aboat  22  inches  only,  in  the  wettest  districts; 
while  the  coontry  occupied  by  the  Flinders  Range,  Eyre's  Peninsula, 
and  that  along  the  shores  of  Spencer's  Gulf  enjoys  but  a  scanty  rain- 
fdll  of  little  more  than  fhim  10  to  20  inches  annually.  In  this  country, 
too,  the  excessive  heat  and  persistent  droughts  are  keenly  felt  during 
the  summer  months  of  the  year.  Augmented  by  the  heat  from  the 
sandy  desert  plains  of  the  interior  the  atmosphere  is  sometimes  oppress- 
ive and  hot  winds  very  trying  both  to  animal  life  and  vegetation. 
From  these,  which  usually  occur  in  the  months  of  December,  Januar}', 
and  February,  there  is  absolutely  no  escape,  the  temperature  being 
abnormally  high  and  not  infrequently  the  thermometer  rises  110°  to 
115°  F.  in  the  shade.  Luckily  these  only  occur  during  three  mouths 
of  the  year,  the  winter  season  being  mild  and  agreeable. 

Some  interesting  and  useftil  information  might  be  given  conceToing 
Ibe  pastoral  and  agricultural  resources  of  our  continent  did  time  and 
space  permit.  In  both  respects  I  have,  I  fear,  already  exceeded  reason- 
able limit;  I  will  therefore  merely  offer  a  few  remarks  which,  if  they  do 
DothiDg  more,  may  call  attention  to  these  vitally  important  subjects. 
A  good  pastoral  country  requires  an  adequate  water  supply,  either 
derived  from  rainfall  or  from  artesian  sources.  The  former  is  natural, 
inexpensive,  and  permanent;  the  latter  costly  and  limited.  The  wants 
of  the  pastoralist  and  agriculturist  are  unequal,  although  both  are 
eqaally  dependent  npon  the  products  of  the  soil.  Grass  or  any  other 
form  of  vegetation  can  only  grow  in  soil  where  there  is  sufficient  moist- 
ure to  sustain  it,  and  this  necessary  want  can  only  be  supplied,  naturally, 
by  rainfall.  The  more  uniformly  it  is  distributed  throughout  the  year 
the  better  will  the  country  be  for  pastoral  occupation.  On  the  other 
liand  the  agricultnrist  requires  sufficient  rainfall  during  six  months  of 
the  year,  but  hia  crops  of  grain  and  his  vines  would  be  little  atl'ected 
if  the  other  six  months  were  rainless.  But  too  much  rain  is  injurious 
to  grain  crops,  for  while  it  rcijuires  more  than  20  inches  of  rainfall  in 
the  summer  for  maize,  such  a  climate  would  be  unsuitable  for  the  suo- 
ceesfol  cultivation  of  wheat.  To  the  agriculturist  nothing  is  more 
important  than  climate,  and  reliable  information  upon  this  vital  subject 
is  essential  to  the  successful  cultivation  of  the  soil,  both  here  and  else- 
where. Although  Australia  is  preeminently  a  grazing  country,  there 
ue  nevertheless  extensive  agricultural  areas  where  grain  crops  may  be 
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profitably  raised.  Id  the  eastern  part  especially  there  is  a  long  belt 
Btretchiug  oortfaerly  from  Jervis  Bay  along  the  coast  to  Broadsonnd, 
There  the  rainfall  is  more  than  20  inches  daring  the  summer  montiis, 
which  is  there  the  rainy  season.  Here  there  is  ao  extensive  climatic 
zone,  lying  between  the  twenty-second  and  thirty-fifth  parallels,  favor- 
able to  the  cnltivation  of  maize.  Outside  of  this  region,  inclnding  all 
the  coastal  country  from  Adelaide  north  to  Toowoomba,  the  rainfall  is 
more  than  10  incites  during  the  six  wiuter  months,  which  represent  the 
agricultural  seasou  there.  These  are  simply  the  natural  agricnltnral 
regions  in  eastern  extra-tropical  Australia,  or  that  part  of  our  territory 
where  the  climate  is  favorable  to  the  cultivation  of  maize  and  wheat 
In  many  other  districts  there  are  enormous  areas  of  rich  soil  whose 
highly  prodnctive  qualities  could  be  profitably  utilized  by  irrigation  were 
adeqnate  means  provided  for  the  conservation  of  water.  But  this  is  a 
subject  upon  which  little  attention  has  hitherto  been  bestowed,  although 
it  is  of  the  most  vital  importance  to  the  nation  and  one  which  can  not 
be  much  longer  neglected  if  the  resources  of  our  country  are  to  be 
adequately  developed. 

In  this  address  I  have  attempted  to  give  as  concise  and,  at  the  same 
time,  comprehensive  an  account  of  the  physical  geography  of  onr  con- 
tinent as  it  is  possible  for  me  to  do  under  the  circumstances.  The 
subject  is  a  vast  one  with  which  to  deal  in  any  form,  and  the  smallest 
of  our  colonies  could  easily  have  foriiished  abundant  material  without 
exhausting  the  rich  source  of  supply.  Its  chief  merit  is  that  it  is  based 
upon  the  most  recent  information,  derived  from  official  sources,  and  in 
this  respect  it  is  reliable  and  trustworthy,  the  writer  having  aimed  at 
these  rather  than  mere  literary  style  or  elegance  of  diction.  Appended 
is  a  selection  of  what  will  no  doubt  be  considered  useful  informatioD, 
but  which  could  not  be  conveniently  included  in  the  narrative  portion 
of  this  address  without  making  it  unnecessarily  ponderous.  It  consists 
-of  schedules  of  our  priucipal  rivers  and  mountains;  the  lengths,  drain- 
age areas,  etc.,  of  the  former,  and  heights  of  the  latter.  The  prepara- 
tion of  these  has  entailed  a  great  deal  of  labor,  but  it  was  thought  that 
the  data  would  be  useful  for  educational  purposes  and  serviceable  to 
my  successors,  who  wilt  thus  be  supplied  with  available  information 
to  enable  them  to  follow  up  this  interesting  and  vitally  important 
subject.' 

In  conclusion  I  desire  to  acknowledge  my  obligations  to  the  Hon,  A. 
B.  Richardson,  M.  L.  A.,  commissioner  of  crown  lands.  Western  Aus- 
tralia; toMr.William  Houston,  under  secretary  for  lands,  Sydn^,  and 
to  Mr,  William  Strawbridge,  surveyor-general  of  South  Australia,  for 
valuable  information  specially  prepared  by  them  for  this  address. 

'  Tbe  HChedulea  referred  to  ore  here  omitted,— Editor, 
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ARCTIO  EXPLORATIONS.' 


By  Bear-Admiral  A.  H.  Markhah. 


The  sabject  on  which  I  have  been  deputed  to  address  you  to-day  Is 
that  conaected  with  arctic  explorations.  It  is,  1  venture  to  assert,  a 
veryflttiug  and  appropriate  one  to  discuss  before  an  International  Geo- 
graphical OongrefiB  such  as  this,  beeaase  the  question  of  polar  research, 
more  especially  in  the  north,  is,  and  has  been  for  more  than  three  hun- 
dred years,  one  of  world-wide,  and  consequently  of  international  inter- 
est Natious  have  vied  with  each  other  in  their  laudable  endeavors  to 
fnrther  the  great  cause  of  geographical  discovery,  and  a  very  friendly 
rivalry  has  existed,  aud  I  am  pleased  to  think  still  eootiunes  to  exist, 
between  various  countries,  with  the  view  of  advancing  their  respective 
flags  over  the  threshold  of  the  known  region  into  the  interesting  and 
mysterions  unknown.  This  is  a  spirit  that  should  be  fostered  aud 
encouraged,  for  it  is  one  that  has  done  much  in  the  papt  to  promote 
the  interests  of  geographical  science  all  over  the  world. 

It  is  not  my  intention  to  occupy  your  time  aud  attention  with  a 
detailed  nnrrative  of  geographical  events  connected  with  the  arctic 
regions  as  they  have  occurred  in  regular  chronological  order,  or  of  the 
tesults  that  have  been  achieved  by  the  various  successive  expeditions 
that  have  been  dispatched  with  the  object  of  exploring  tho^e  regions, 
for  these  are  ofl-told  tales,  and  are  sufficiently  well  known  to  those 
who  are  interested  in  polar  research.  My  object  to-day  will  be  briefly 
to  survey  the  threshold  of  the  nnknowu  region — a  region,  let  tnc 
remind  yon,  that  embraces  nearly  a  million  and  a  half  square  miles,  to 
dwell  lightly  on  the  latest  work  that  has  heeu  accomplished  up  to  that 
line  of  dunarcatiou  that  separates  the  known  from  the  undiscovered 
area,  and  to  review  generally  the  prospects  of  success  of  future  arctic 
exploration,  concluding  with  a  short  summary  of  the  various  scientific 
results  likely  to  accrue  by  the  continuance  of  such  work. 

I  will  preface  my  remarks  by  alluding  briefly  to  those  nations  which 
have  in  the  past  particularly  interested  themselves  in  north  polar  dis- 
covery. They  are  Great  Britain,  the  United  States  of  America,  Austria- 
Hungary,  Sweden,  Germany,  Russia,  Holland,  and  Norway. 

'Address  befon  the  Sixth  Tateniational  Geogriiphical  Cougr«sa,  London,  July  26- 
AngOBt  3,  1895.     Piinted  in  Report  of  the  CongreBs,  pp.  lTT-201.  .  , 
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I'erhaps  the  merit  of  having  delineated  the  greatest  amonot  of  ooaat 
lino  on  our  iiortli  )>olar  maps  reste  with  this  conntiy,  bat  it  is  oDiy  fair 
to  odd  tliut  this  satisfaetory  result  is,  in  a  very  great  measore,  due  to 
tlio  excctlleut  geogra]>hicaI  work  that  was  achieved  by  those  varions 
flX|)Oilitionfl  that  were  dispatched  h;  England,  dnrtog  the  period  em- 
hriuH'^l  h(!tween  the  years  1849  and  1859,  with  the  object  of  searchiiig 
Cor  tlio  miaxing  Franklin  expedition. 

The  IJniU^d  Stiitea  of  America  have,  principally  through  the  mnnifi- 
(iciiii'H  and  ]mtriotism  of  its  citizens  (nobly  supported  as  they  have  been 
Ity  tlio  energy  of  those  who  have  been  employed),  been  wonderfally 
NiiciieHHriil  ill  their  laudable  efforts  to  reveal  the  hidden  secrets  of  tlie 
unlciiowii  north. 

'I'o  AilHtrin-iliingary  we  are  indebted  for  the  discovery  of  a  large 
nxtiMil  of  territory  which  has  been  called  Kaiser  Franz  Josef  Laud. 

To  Hwt'den,  thanks  to  tbat  distiugiiished  scientist  and  arctic 
oxplnrer  Itiirnn  Xordousklold,  belongs  the  undying  honor  associated 
Willi  tliu  HU<^ccHHt\il  accomplishment  of  the  northeast  i>a8sage  along  the 
(iiM'Mi  t'otMt  of  l-liiroim  and  Asia  from  the  Atlantic  to  the  Pacific. 

<lii|'Hiaii,v  hiiM  succi'ssf\illy  traced  the  east  coast  of  Greenland  to  as 
hir  iiorlh  i)H  Ou)Kt  Itisiuart-k,  in  latitude  77°. 

ItnMHJii  Ituit  doui>  adiiiiruble  work  by  a  very  complete  survey  of  the 
Htinboiii'd  (if  Novayii  /cuilya,  as  well  as  by  the  delineation  of  the  coast 
III  tho  iiiidnluiid  tttuu  tbo  Kara  Sea,  around  Cape  Chelyuskin,  to  Bering 
Htmll. 

I  luUitnd  Ikih,  by  surccssivo  cxi>«Hlitions  sent  np  year  after  year  (the 
illN|iiiU<li  of  wbioh  was  lutiinly  due  to  the  active  exertions  of  the  late 
AiliiilntI  i)uiiNi>n^,  done  uiiu'h  to  familiarize  ns  with  the  condition  and 
ili'lll  of  III!'  Ii'i'  lit  iht'  Itimnitt:  Sc;!,  even  as  far  as  the  shores  of  Franz 
.lo».>l'  luiiul. 

ly  <'l:dms  Fridt,iof  Nansen  as  a  conntryman,  who 
»»'tio  tiiivt'ler  by  the  indomitable  pluck  and 
ditriii};  his  marvelous  journey  on  suowshoes 
ut  of  iiiwiihtud.  inul  who  is  now  combating,  and 
ly.  with  ilio  almost  iu$aperabte difticalties attend- 
uiiiin  o!<!(Vt  of  vhioh  is  lo  cany  his  vessel  across 
l»('ml  of  our  j;1i>Ih'. 

1  l\iM  in.-t:iy  uatious  have  shared  tu  the  glorions 
»'v\,  !»nil  ;t"  of  them  have  written  their  names, 
siiAViiivr  h.t!:,l  t'.;.i!;  oiln-rs.  oQ  the  pages  of  arctic 

;i  \» !,;  .it  o'.-.i-t-  '.vvi.i!  ;;•,!  :".»,(  thiit  there  are  several 

n»;v  u;^  vvoM  v,  *r\\>  o;'  a  ;-.-,:',:ou  and  a  half  Bqnare 

■-si. 

V.oiv  ;s  !'-•,»-  ;vn:;f  ^  .t  ?:v.::h  Sttsnd,  by  which  we 

,\*u-t  >'  ^;  i-  v  :.  -•  :"-  f  u:  kr>wn  area  than  in  any 

5V  .*-.v  ,*l-^>  -.-.o  a;  ;  r\\«  1 1*  ^y  JoiMii^  Soond  and 
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Wellington  Channel;  the  exploration  of  either  of  these  is  likely  to  lead 
to  important  and  valuable  results.  Thirdly,  there  is  the  way  by  Spitz- 
bergen.  Fourthly,  by  Franz  Josef  Land,  where  at  the  present  moment 
the  English  Harmswortb  expedition,  under  the  command  of  Mr.  Jack- 
sou,  is  prosecuting  its  researches.  Theu  there  is  the  route  selected 
and  adopted  byNansen  in  the  neighborhood  of  the  New  Siberia  Islands. 
And,  lastly,  there  is  the  way  by  Bering  Strait. 

I  now  propose  discussing  the  merits  of  some  of  these  approaches 
with  reference  to  their  applicability  to  future  polar  research. 

We  will  commence  with  Spitzbergen,  a  group  of  islands  easily 
reached  during  the  course  of  an  ordinary  summer  cruise,  and  even  in 
vessels  that  are  not  specially  coustrncted  for  ice  navigation.  This  ease 
of  accessibility  and  comparative  immunity  from  danger  from  the  ice  is 
due  to  the  warm  vater  of  the  Gulf  Stream,  which,  dawiog  northwards 
as  far  as  the  eighty-first  parallel  of  latitude,  becomes  eventually 
absorbed  in  the  north  polar  current;  but  before  this  absorption  takes 
place  its  influence  has  been  felt  along  tbe  entire  west  coast  of  Spitz- 
bergen,  thus  Tendering  the  navigation  of  those  waters  comparatively 
easy  and  safe. 

Although,  I  think,  it  is  an  undoubted  foct  that  Spitsbergen  was 
sighted  by  the  Dutch  navigator,  William  Barents  (who,  however,  sup- 
posed it  to  be  a  part  of  Greenland),  the  credit  of  its  discovery  bas  inva- 
I'iiibly  been  awarded  to  that  grand  old  sailor,  Uenry  Hudson,  whose 
liigh  latitude,  reached  nearly  three  hundred  years  ago,  was  unsurpassed 
for  more  than  two  hundred  years,  until,  in  fact,  that  prince  of  Arctic 
navigators,  Sir  Edward  Parry,  reached,  with  tbe  aid  of  boats  and 
sledges,  82o  45'  north,  in  1827. 

There  is  a  very  marked  difference  between  the  nature  and  conditions 
of  the  ice,  as  esperienccd  by  Sir  Edward  Parry  and  others,  to  the  north 
of  Spitzbergen  and  the  ice  in  other  parts  of  the  Arctic  regions  in  simi- 
lar or  even  in  much  lower  latitudes.  North  of  Spitzbergen  the  ice 
fields  are  of  great  extent.  The  floes  are  comparatively  level  and  smooth, 
aod  consist  apparently  of  ice  of  only  one  season's  formation,  whereas 
the  ice  that  has  invariably  been  met  north  of  Smith  Sound  and  Bering 
Strait  and  in  the  vicinity  of  East  Greenland  and  Franz  Josef  Land  has 
beeu  of  the  same  heavy,  massive  character  as  that  to  which  Sir  George 
Xares  very  appropriately  applied  the  term  palitocrystic,  i.  e.,  ice  of 
ancient  date,  probably  the  formation  of  centuries.  This  leads  one  to 
the  supposition  that  a  very  large  extent  of  ice-covered  sea  exists  to  tbe 
north  of  Spitzbergen ;  a  sea,  however,  that  receives  the  warm  but  grail- 
ually  cooling  water  of  tbe  Gulf  Stream,  and  is,  therefore,  antagonistic 
to  the  formation  of  heavy  or  perpetual  ice.  But  these  large  ice  fields 
are  in  a  measure  dominated  by  the  north  polar  current  after  the  dis- 
rnption  of  the  pack  in  the  snuimer,  and  under  the  influence  of  this 
stream  they  are  drifted  bodily  to  the  southward.  It  was  this  constant 
southerly  drift  that  was  tbe  cause  of  Parry's  failure  to  reach  a  bii^)''"- 
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latitade  thau  that  which  he  sacceeded  in  attaining,  for  he  foaod,  to  his 
chagrin,  that  he  was  beiug  drifted  to  the  soath  with  greater  rapidt^ 
than  he  was  making  progress  to  the  north. 

Snccess  in  this  direction  may,  however,  be  achieved  by  dispatcbioi: 
exploring  parties  with  sledges  and  boats  in  the  early  spring,  before  the 
dismption  of  the  pock  has  taken  place.  This  woald,  however,  necessi- 
tate a  ship  passing  the  winter  on  the  north  coast  of  Spitzbergen.  'With 
Parry's  valuable  experience  to  guide  them,  I  am  confident  they  would 
find  no  difficulty  in  surpassing  that  great  navigator's  highest  i>08ition, 
with  every  prospect,  prrhaps,  of  the  discovery  of  laud  to  the  north- 
ward. If  nty  anticipations  prove  correct,  then  valuable  and  important 
results  will  be  obtained  by  an  expedition  sent  to  explore  in  this  partic- 
n)ar  direction. 

Mr.  I^eigl)  Sinitli  baa,  in  addition  to  other  good  geographical  work  in 
tills  neighborhood,  attempted  to  cireumnavigate  the  Spitzbergen  group, 
hut  so  fur  this  feat  has  not  yet  been  achieved,  nor  has  the  position  of 
tliat  Boniewliat  mysterious  island  named  on  our  charts  Gilljs  Land  ever 
yet  been  reached.  It  was  sighted  and  named  in  1707  by  the  Dutch 
captaii),  Cornelius  Gillis  (or  (tiles),  but  ho  did  not  laud  on  it.  Its  posi- 
tioD,  as  given  by  this  navigator,  was,  however,  placed  on  Van  de  Kne- 
lin's  map,  published  in  1710.  In  1SG4  it  was  reported  to  have  been 
sighted  by  Captain  Tobiesen,  but  be  was  unable  to  efi'ect  a  landing. 
8ome  geographers  endeavor  to  identify  it  with  Wicbe'e  Laud,  which 
was  recently  sighted  by  Mr.  Leigh  Smith  from  n  high  bill  iu  Genevra 
Bay,  in  Stor  Fiord,  Spitzbergen.  I  am  inclined  to  think  that  what 
Captain  Gillis  saw — if  he  saw  land  at  all,  which  is  perhaps  donbtliil — 
was  an  extension  of  Franz  Joseph  Land,  the  nearest  kuown  point  Of 
which  is,  after  all,  not  more  than  about  120  miles  firom  Spitzbergen. 
Wicbe's  Land  is  situate<l  too  far  south  to  be  mistaken  for  OilUs  Laud,  if 
the  latitude  of  the  latter  place  is  approximately  correct  on  the  chart. 
It  is  not,  I  think,  at  all  improbable  that  a  chain  of  islands  extends 
between  Gillis  Land  and  Franz  Joseph  Land. 

While  treating  of  Spitzbergen,  I  miiy  mention  that  the  latest  scheme 
by  which  the  mysteries  of  the  unknown  region  surrounding  the  north 
jmle  are  to  be  revealed  to  ns  comes  from  Swetleu,  for  we  are  given  to 
understand  that  it  has  been  proposed  to  undertake  a  voyage  from 
Spitzbergen  to  the  pole  in  a  balloon.  But  as  I  understand  that  Mr. 
Andn'-e,  the  origiuator  of  this  enterprise,  will  communicate  a  paper,  on 
bis  proposed  expedition,  to  the  congress,  I  will  not  further  allude  to  it, 
except  to  assure  him  of  our  heartiest  wishes  for  the  success  of  his 
plucky  and  novel  adventure. 

We  now  come  to  Franz  Josef  Land,  which  comprises  a  large  territory 

but  whether  a  coutineut  or  archipelago  remains  a  geographical  problem 

for  Airthec  elacidatiou  and  solution.    The  history  of  the  discovery  of 

thi    '  Vustro  Ilongarian  expedition,  under  the  joint  command 

id  Payer,  in  1873,  reads  more  like  a  romance  than  a 
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D|>lace,  pmsalc  record  of  ordinary  geographical  diecovery.  Tt 
will  be  iu  the  memory  of  all  here  how  their  ship,  the  Tegettkoffj  waa 
beset  in  the  ice  on  Angnst  20,  1872,  olT  the  irest  const  of  Novaya 
Zemlya  on  the  very  day  and  only  a  few  short  hours  after  they  had  said 
farewell  to  Oonat  Wilezck,  Baron  9terneck,  and  other  friends  on  board 
the  little  sailing  cotter  laijorn;  and  how,  notwithstanding  the  powerful 
aid  of  eteam  with  which  their  vessel  wus  provided,  and  the  fVee  use  of 
gnnpowder,  they  failed  to  release  the  imprisoned  Tegetthoff,  and  how 
she  remained  immovably  fixed  in  the  fetters  of  her  icy  bondage,  drift- 
ing about  in  the  floe  at  the  mercy  of  winds  and  currents  for  two  long 
years.  Then  suddenly,  on  August  31,  1873 — a  year  after  their  first 
besetment — a  mysterious  dark  land  loomed  np  to  the  northwestward, 
and  tliey  thus  became  nowlttingly  and  without  any  exertions  on  their 
part  the  discoverers  of  a  new  territory,  the  existence  of  which  had 
hitherto  been  unknown,  to  which  they  gave  the  name  of  Kaiser  Franz 
Josef  Land. 

The  drifli  of  the  Tegettkof  dnriog  the  period  she  was  beset  in  the  ice 
was  no  less  remarkable  than  it  was  instructive.  Her  i>08ition  when 
first  canght  by  the  ice  in  August,  1872,  was  in  latitude  76°  22'  and 
longitude  62°  3'  east.  Six  months  afterwards  she  was  in  latitude  78<3 
45'  and  longitude  73'='  7',  showing  that  the  whole  body  of  the  pack  in 
which  she  was  beset  had  been  carried  steadily  during  that  period  iu  a 
northeasterly  direction.  For  the  next  nine  months  her  drift  was  in  a 
north  and  northwesterly  direction,  until  the  ship  became  permanently 
stationary  by  the  adherance  of  the  ice  to  WUezek  Island.  Altogether 
the  drift  of  the  ship,  and  consequently  the  pack,  was  somewhat  over 
SOOmiles  to  the  northeast  between  August,  1872,and  February,  1873,  and 
abont  the  same  distance  in  a  northwesterly  direction  from  the  last-named 
date  until  the  ice  remained  fixed  by  attachment  to  the  shore  on  Kovem- 
ber  1, 1873.  Some  of  this  drift  may  be  attributable  to  the  wind,  but 
the  real  movement  was  assuredly  due  to  the  influence  of  current  alone. 
Dnring  the  sixteen  months  that  the  ice  was  in  motion — t.  e.,  from 
Aognat,  1872,  until  November,  1873,  inclusive — I  And  that  for  a  jwriod 
of  six  months  the  prevailing  wind  was  from  the  sontheast,  for  five 
months  it  was  from  the  northeast,  for  two  mouths  from  the  north- 
west, and  for  three  months  from  the  southwest.  During  the  six 
months  she  was  being  drifted  in  a  northeasterly  direction  the  prevail- 
ing winds  were  from  the  sonthwest  and  southeast,  and  during  the  last 
nine  months  of  her  drift  the  winds  may  be  described  as  all  round  the 
compass.  Therefore  we  can  not,  I  think,  do  otherwise  than  arrive  at 
the  conclusion  that  the  wind  had  but  little  effect  on  the  drift  of  the 
ice,  either  with  regard  to  rapidity  of  motion  or  direction.  What,  then, 
was  the  cause  of  this  marvelous  drift  to  the  northwardi  We  know 
^ery  well  that  the  general  drift  of  the  north  jKilar  current  is  in  a  south- 
erly direction.  We  have  ha«l  convincing  proofs  of  it  in  a  remarV"^'" 
manner  dowu  the  east  coast  of  Greenland,  down  Smith  Soun 
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DaTiB  Strait,  into  Baffins  Bay.  aod  tbrongh  Bering  Strait.  The  infer- 
ence mast  therefore  be  that  the  moTements  of  the  ice  iu  vhich  the 
Tegetthoff  was  beset  most  have  been  inllnenced,  and  in  no  slight 
degree,  first  of  all  by  that  warm  carrent  of  wat«r  which  I  have  already 
allnded  to  as  expending  itself  along  the  west  coast  of  Spitzbergen,  and 
a  ]K>rtioii  of  which  most  find  its  way  into  the  Barents  Sea;  and,  sec- 
ondly, by  the  large  volnmes  of  water  which  are  discharged  from  those 
Kreiit  Siberian  rivers  the  Tencsei  and  the  Ob.  Unlike  my  friend  Nan- 
Hen,  1  do  not  think  that  the  influence  of  tlieso  large  rivers  can  be  felt 
at  a  greater  distance  than  abont  three  or  four  hnndred  miles  from  the 
iinilnlniid.  The  theory  of  their  flowing  in  a  direct  northerly  line  across 
tiw  pole  is,  I  think,  open  to  question,  for  it  appears  to  me  to  be  opjtosed 
In  nil  nti then ticji ted  information  that  has  hitherto  been  obtained,  and 
is  nntAfinniHtic  to  our  preconceived  notions  and  ideas  as  to  the  extent 
and  direction  of  wliat  is  known  as  the  north  polar  current. 

The  diicovcry  of  the  Austrians  was  of  the  greatest  geographical 
iniporlnix'*',  and  the  value  of  it  was  materially  enhanced  by  the  plncky 
nlodtfitig  i>\peditiiin  tltiit  was  carried  out  by  Payer  during  the  spring 
nr  IHT4.  I  say  plncky,  because  when  Payer  left  his  ship  for  a  contem- 
|iliil«'il  tiliHcnci'  (>r  thirty  days  lie  was  not  at  all  sure  that  he  would  find 
■  III'  Tiififflinff  in  the  sum<'  position  as  when  he  left  her.  A  gale  of 
tvliid.or  IIh'  diNrnption  of  the  ice  during  his  absence,  would  very  likely 
tiiTKNiiui  tho  driltii>K  away  of  his  ship,  which  would  render  his  chances 
ol'  cHi'iipo  very  sninll  indewl.  Fortunately,  no  such  contretemps  occur- 
t'l'il,  mid  ho  returned  to  the  Tcjirtthoff  ricli  iu  geographical  and  other 
ni'li'Utllio  inforniiition.  l>uring  his  journey  he  succeeded  in  ascending 
Aiinh'iii  Sound,  between  Zicliy  and  Wilczek  lands,  to  the  latitude  of 
<*■••■  ;■'  iu  ('mwn  Prince  liudolf  land,  about  ICO  miles  from  the  position 
in  n-liirli  he  had  Icit  his  ship.  Prom  this  position  land,  called  Peter- 
liiiiiiri  liiind,  lifter  the  cclebratt'd  geographer  of  Gqtha,  consisting  of 
lilljli.  nniifiii  Kliaiied  hills,  apparently  of  volcanic  formation,  was  seen 
ti<  lliit  iiiM'lliward,  and  estimated  to  be  in  about  or  beyond  the  eighty- 
tliliil  pitmllcl  of  latitude. 

niiipc  lilt'  discovery  of  Franz  Josef  Land  onr  knowledge  of  it  has 
III  III  itiiiili  liK-riMsed  by  the  n-snlts  of  the  voyages  of  Mr.  Leigh  Smith 
III  IiIei  Bhviin  yuelit  the  Hira.  Without  cnrouutering  very  much  oppo- 
'iliiHt  II11111  llii'  ice.  he  snciTPded  in  sighting  the  land  on  August  14, 
•  ■'■'II,  III!  iiltoiil  the  lllty  fourth  nii'ridian  of  east  longitude;  that  is  to 
■■n  ^>iiiii>(to  mlh'n  to  the  westward  of  Wiiczek  Island.  Steaming  to 
I  III  »»>  >^l»iit'il.<>\pl<>riii);  the  coast  earefully  as  he  pn>ceeded,  Mr.  Leigb 
'mulli  iiiiuHod  Ihe  smith  point  of  land,  and  succeeded  in  crossing  the 
l>"  I »  llllh  nieriiliun  of  lungitinle,  when  he  found  the  coast  trend  away 
III  .1  lunllnvuNicrly  iliiecliiin,  certainly  as  far  as  the  eighty-first  parallel 
"I  l.iiiunl.i.  Ills  l^irtlier  pnigresH  wan  stop|>ciI  iu  latitude  80°  19'  by 
I.  r,  iio-t  •—  -  CinniM'Ilcd  to  uhandon  ftirtber  research  in  that  direc- 
*■*■'  «'  voynue  Mr,  lii^igh  Smith  discovered  and  explored  at 
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least)  110  miles  of  new  coast  line,  besides  obtaining  a  very  interesting 
and  valuable  collection  of  natural-history  specimens  from  a  portion  of 
the  globe  that,  in  a  scientific  sense,  was  almost  unknown;  for  it  mast 
bo  remembered  that  the  collections  obtained  and  preserved  by  the 
members  of  the  Anstro-Hungarian  expedition  were  nnfortanately  lost 
when  their  ship  was  abandoned.  Several  ]>ecalisrit)efl  were  observed 
iu  the  physical  conditions  of  the  country,  differing  in  some  respects 
from  other  Arctic  lands.  For  instance,  the  islands  seen  were  iu  almost 
all  instances  crowned  with  ice  caps,  while  the  icebergs  that  were 
observed  were  invariably  dat-topped.  The  drift  of  tbesA  bergs  appeared 
to  be  to  the  north;  bat  I  do  not  think  that  too  much  reliance  can  be 
placed  on  the  observations  that  led  to  this  conclusion,  as  they  were 
necessarily  of  a  somewhat  perfunctory  character.  Mr.  Leigh  Smith, 
after  leaving  Franz  Josef  Land,  made  a  gallant  attempt  to  reach 
Wiches  Land  from  the  eastward,  but  he  found  tbe  ice  so  densely  paeked 
as  to  duty  all  efibrts  to  penetrate  it,  so  he  returned  to  England. 

It  is,  1  think,  very  probable  that  Frauz  Josef  Land  will  be  found  to 
extend  to  a  considerable  distance  to  tbe  northward;  Mr,  Leigh  Smith 
fonnd  it  to  extend,  at  any  rate  as  far  as  he  could  see,  to  the  northwest. 
It  is  not  at  all  imjiossible  that  it  also  extends  in  an  easterly  direction, 
and  I  think  that  we  may  very  reasonably  conclude  that  Franz  Josef 
Uind,  as  a  whole,  will  be  found  to  consist  of  a  large  continent  inter- 
sected by  numerous  fiords  aud  large  glaciers,  or  else  an  archipelago 
<;onsisting  of  many  large  islands.  The  exploration  of  this  little-known 
land,  and  the  determination  of  its  extent  and  character,  are  well  worthy 
of  serious  consideration,  and  wouhl  be  i>rodHCtive  of  the  most  useful 
and  valuable  scientific  results.  In  the  following  year  Mr.  Leigh  Smith 
maile  another  voyage  to  Franz  Josef  Land,  with  the  object  of  con  tinning 
his  exploration  of  the  previous  yeor,  but  unfortunately  his  little  vessel 
was  crushed  by  the  ice  off  Cape  Flora  in  latitude  79'^  56',  and  he  and  his 
men  were  compelled  to  [inss  the  winter  in  those  inhospitable  regions. 
They  found  it  a  comparatively  barren  and  sterile  shore,  but  fortunately 
bears  and  walruses  were  obtained,  which  very  materially  supplemented 
the  provisiona  they  succeedeil  iu  saving  from  the  wreck.  When  the 
ice  broke  up  the  following  year,  with  the  aid  of  their  sledges  and  boats, 
they  happily  succeeded  in  reaching  the  coaat  of  Novaya  Zemlya,  where 
tliey  were  succored  and  brought  home  by  the  steamer  Hope,  which  had 
been  specially  dispatxihed  iu  quest  of  them  under  the  command  of  Sir 
Allen  Young. 

Taking  all  things  into  consideration,  Franz  Josef  Land  appears  to  me 
to  be  the  region  to  which  onr  efforts  should  be  directed  with  a  view  to 
farther  exploration,  offering,  as  it  docs,  the  most  likely  prospect  of 
achieving  the  greatest  amount  of  geographical  success.  For  here  we 
have  all  those  elements  that  are  essential  to  successful  exploration  in 
high  latitudes — namely,  a  coast  line  affording  facilities  for  sledge  travel- 
iDg,  a  continuity  of  land  trending  in  a  northerly,  northwesterly,  and, 
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for  all  ire  knonr  to  the  cootraiy,  iu  a  northeasterly  direction,  the  very 
directions  in  which  we  wish  to  proceed.  Having  this  continuity  of 
laud,  no  difficalties  exist  for  the  establishment,  in  absolute  Becority,  of 
depots  of  provisions  and  stores  for  the  nse  of  traveling  partaes.  From 
the  configuration  of  the  known  land  we  may  reasonably  infer  that  good 
and  sheltered  harbors  may  be  found  in  which  a  ship,  or  ships,  can 
winter  without  any  anxiety  being  felt  by  those  on  board  on  the  score 
of  being  blown  away  or  crashed  by  the  ice  (indeed,  we  already  know 
of  one  snug  little  haven  discovered  by  Mr.  Leigh  Smith,  and  uamed 
by  him  Eira  Harbor,  admirably  adapted  for  such  a  purpose);  and.  a 
very  important  matter,  we  know  that  abundauceof  fresh  food  in  the 
shape  of  bears  and  walruses,  and  possibly  reindeer  aod  birds,  can  be 
obtained. 

I  have,  therefore,  no  hesitation  in  advocating  the  adoption  of  this 
particular  route  as  beiug  the  best,  according  to  our  present  lights,  for 
future  polar  exploration.  From  a  careful  study  of  the  character  and 
formation  of  the  land  explored  by  Payer,  I  ventore  to  predict  that 
Franz  Josef  Laud  will  be  foaod  to  extend  as  far  as  the  eighty-fourth 
parallel  of  latitude,  and  possibly  even  beyond  the  eighty- fifth ;  but,  of 
course,  this  is  purely  conjectural  ou  my  part,  and  mast  be  accepted  for 
what  it  is  worth.  But  whether  the  laud  extends  as  far  as  I  have  indi- 
cated, or  whether  it  comes  to  an  abrupt  termination  in  latitude  83°, 
very  valuable  results  will  accrue,  both  geograpbically  and  geologically, 
by  au  ioTestigiitiou  of  its  interior  and  the  examiaation  of  its  coast  line. 
Although  I  have  implied  that  conditions  favorable  to  successftil 
exploration  are  to  be  found  by  using  Franz  Josef  Land  as  a  base  of 
ox»erations,  still  it  is  only  right  for  me  to  add  that  no  precautions  should 
be  omitted  to  insure  the  safe  return  of  the  explorers,  for  exploration 
in  the  polar  regions  must  always  be  attended  with  a  certain  amonut  of 
risk  to  those  engaged  on  a  service  that  is  perhaps  at  all  times  some- 
what hazardous.  With  this  very  important  object  in  view,  I  consider 
II  In  absolutely  necessary,  in  the  eveut  of  an  expedition  being  sent  in 
tlitM  rllrectioD,  that  a  large  depot  of  provisions  aod  stores  should  be 
i«Kl»b)it)"t'N  either  at  Eira  Harbor  or  on  the  northwest  coast  of  Novaya 
/eiiilyft— >*omewhere,  Iwouldsuggest,  in  the  viciuity  of  Cape  Nassau — 
iiH  tu-hiU  tbe  most  conveniently  situated  place  that  a  retreating  part7 
fiiiiii  Viittr/.  JoHcf  Land  would  make  for,  and  the  easiest  to  reach. 
'(■(pHii,  MKii*".  '  »'"  one  of  those  who  do  not  quite  approve  of  a  party 
IkiIiiK  )'■"■  ""'irely  dciHjndent  on  their  own  resources;  that  is  to  say, 
tvlllioiil  a  "'''f  (tt.  their  back.  The  terrible  suflTerings  and  experiences 
III'  (III""'  wli'i,  In  former  days,  have  been  left  unsupported  ftilly  illus- 
liiile  iiiiliinh  tliedftxirability,  but  the  absolute  necessity  of  having  a 
hIiIji  >"'  ""  ""'''''  ""*''  "'"'  ""^y  ^^  regarded  as  a  safe  refoge  always  to 
U\  IniHiil,  ('("vl'liil  with  li  plentiful  supply  of  provisions,  and  having 
,,n  Imnnl  II'"  wli"i"wlllinl,  In  the  shape  of  boats,  sledges,  clothing, 
.     ^^  '     '',,„)|,  u  intnmtlng  party;  and  although  she  may,  as 
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in  the  cases  of  the  Inteatigatw  and  the  Tegetthoffj  be  irrevocably 
frozen  in  the  ice,  ehe  is,  at  any  rate,  replete  vitb  everything  that  will 
add  to  comfort,  and  that  will  conduce  to  ii  snccessfal  retreat  when  the 
time  comes  to  abandon  her.  The  very  knowledge  of  having  a  ship  as 
the  base  of  operations  imparts  a  moral  ooarage  and  feeling  of  confi- 
dence and  oonteotmeot  to  the  men  that  it  is  desirable  to  footer. 

From  what  I  have  said,  I  do  not  wish  it  to  be  inferred  that  sledge 
traveling  aloDg  the  shores  of  Franz  Josef  Laud  will  be  fonnd  to  be  a 
very  easy  task.  On  the  contrary,  I  think  it  will  aboand  with  difGcal- 
ties,  and  although  I  consider  that  the  traveling  daring  the  early  spring 
will  not  prove  more  ardaons  or  more  difflcnlt  than  has  been  experienced 
along  other  Arctic  shores,  I  can  not  but  help  thinking  that  extra  caa- 
tion  will  have  to  be  observed  In  order  to  insure  the  safe  retam  of  the 
traveling  parties  in  the  summer.  Payer  tells  us  that  the  land  in 
the  direction  in  which  he  traveled  was  intersected  by  deep  fiords,  md 
that  he  passed  nameroas  glaciers  with  terminal  faces  of  100  feet  in 
precipitous  height  ftom  the  sea.  It  is  the  passing  of  these  glaciers, 
and  the  entrances  of  these  fiords,  tliat  I  fear  will  be  extremely  hazard- 
OQB,  even  if  it  is  not  found  absolutely  impossible  in  the  summer,  unless 
a  long  detonr  into  the  interior  is  made,  so  as  to  cross  at  the  head  of  the 
glacier  or  fiord.  For  if  the  land  ice — i.  e.,  the  young  ice  of  the  previ- 
ous winter's  formation  adhering  to  the  coast — has  broken  up  (and  it 
wonld  probably  be  so  by  the  breaking  away  of  large  fragments  of  ice 
from  the  terminal  face  of  the  glaciers,  or  the  flowing  out  of  the  ice  from 
the  florda)  a  sledging  party,  unless  provided  with  a  boat,  wonld  find 
its  retreat  cut  off  by  water,  and  in  order  to  return  to  their  base  of 
operations  they  would  be  under  the  necessity  of  extending  their  jour- 
ney a  condiderahle  distance,  and  this,  perhaps,  with  their  provisions 
nearly  expended,  and  their  own  strength  materially  diminished  by  the 
ardaons  work  they  had  already  gone  tlirough.  I  merely  mention 
this  as  what  may  possibly  be  the  experience  of  any  party  engaged  in 
the  exploration  of  Franz  Josef  Land. 

The  next  important  question  to  be  decided  is  the  exact  route  that 
should  be  adopted  by  the  explorers.  Should  they  turn  all  their  energies 
to  the  west  coast,  or,  following  in  the  footsteps  of  Payer,  should  they 
attempt  to  push  up  Austria  Souudi  I  unhesitatingly  record  myopinion 
in  favor  of  the  first-named  coarse,  and  for  the  following  reasons:  The 
western  shores  of  all  Arctic  lands  of  which  we  have  any  knowledge  are 
always  more  accessible  in  a  ship,-and  to  a  very  much  higher  latitude, 
than  the  eastern  coasts.  Vessels  have  penetrated  tu  the  eighty-second 
parallel  of  latitude  along  the  west  coast  of  (Jreenland,  but  navigation 
along  the  east  coast  of  Greenland  baa  invariably  been  imjieded  by  the 
accamnlation  of  heavy  ice  590  miles  to  the  south  of  the  position  reached 
on  the  west  aide.  The  same  may  be  said  of  Spitzbergen  and  of  Novaya 
Zemlya,  and  I  see  no  reason  why  it  ahould  not  hold  good  for  Franz 
Josef  Land.    Indeed,  Mr,  Leigh  Smith  has  already  demonstrated  the 
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bergen,  and  by  teiibitive  voyages  of  recomioiasance  throngfh  the  Kara 
Sea  aud  ns  far  as  the  iiioutb  of  the  Yeoesei  River,  qaalified  himself  to 
itchieve  what  has  bo  long  baffled  the  navigators  of  earlier  ages,  the 
accompliBhment  of  the  northeast  passage.  This  fae  i>6rformed  in 
1878-79,  by  ronndiDg  the  most  northern  iHiiiit  of  the  old  world,  sailing 
along  the  northern  coasts  of  Europe  and  Asia,  and  thus  passing  by 
sea  from  the  Atlantic  to  the  PaciHc.  This  splendid  achievement  must 
be  regarded  as  one  of  the  greatest  geographical  feats  of  the  present 
centnry;  not  only  was  it  of  exceptional  interest  from  a  geographical 
standpoint,  but  it  proved  to  bo  of  the  utmost  value  and  importance  to 
every  other  branch  of  science.  A  knowledge  of  tlie  geological  for- 
mation of  the  various  countries  situated  iu  high  latitudes  is  indispen- 
sable, in  order  to  enlighten  us  with  reference  to  the  early  history  of  the 
earth.  Nordenskiold's  researches  in  this  particular  branch  of  science, 
■  together  with  his  observations  on  physical  gcogr:iphy,  ethnology,  nat- 
ural history,  meteorology,  and  terrestrial  magnetism,  are  replete  with 
interest ;  nor  must  I  omit  to  mention  the  very  valuable  dredgings  that 
were  made  at  the  bottom,  which  were  found  to  be  exceedingly  interest- 
ing and  important. 

Kordeuskiold  sailed,  it  will  be  remembered,  in  the  summer  of  1878, 
in  the  steamship  Vega,  under  the  command  of  Lieutenant  Palander  of 
tlie  Swedish  navy,  who  had  been  his  companion  in  some  of  bis  former 
cxpe<litions.  On  August  10  they  reached  Capo  Chelyuskin,  the  extreme 
northern  iwint  of  the  old  world  where,  contrary  I  think  to  expecta- 
tion, he  found  the  depth  of  the  water  to  increase  somewhat  rapidly  to 
124  meters  at  a  distance  of  about  8  miles  from  the  cape.  On  the  27th, 
in  spite  of  fogs  and  nnst,  he  passed  the  mouth  of  the  Lena,  and  three 
days  later  sailed  to  the  soutliward  of  the  Kew  Siberian  islands.  East- 
ward of  this  the  sea  was  so  free  of  ice  that  for  three  days  they  were 
able  to  push  on  at  the  rate  of  l.~)0  miles  a  diiy.  On  September  3  they 
passed  Bear  Island,  and  on  the  Cth  Cape  Ghelagskoi  was  reached; 
thence  their  progress  was  much  iin|)e<led  by  loose  ice.  Ou  the  12th 
they  were  abreast  of  North  Cape,  but  from  this  time  onward  great  dif 
Acuities  were  experienced  in  forcing  their  way  through  the  icc^  besides 
l>eing  seriously  handicapped  by  the  gradually  shortening  days  and  cor- 
respondingly lengthening  nights.  On  the  2Sth  they  ba<l  to  acknowl- 
edge, to  their  great  mortification,  that  further  progress  for  that  year 
was  impossible  aud  the  ship  was  accordingly  secured  in  winter  quar- 
ters, although  they  were  aware  thiit  only  a  few  miles  of  sea — but,  alas! 
it  was  an  ice-blocked  sea — lay  between  them  and  the  open  wafer  in 
Bering  Strait.  They  had  been  running  a  race  against  time,  and  had 
only  been  beaten  by  a  few  days — indeed,  it  may  be  said  by  a  few  hours 
only.  Two  days  after  the  Vega  was  released  the  following  year  she 
passed  East  Cape,  aud  eteamcd  into  the  Pacific  Ocean. 

In  reviewing  what  has  been  accomplished  in  tliis  particular  part  of 
the  Arctic  regioua,  we  must  not  forget  the  valuable  services  that  have 


b*w«  RMicnai  a*  gtmerteh-j  as  wdl  •■  to  nrMrrBe  bj  Ca{it.  J<ieeph 
W'::£:pa»,  wbu  <um-  awiK.  -Rsce  lrT4.  ameral  voyages  «loa^  tbe  DorUiem 
finme*  «f  EnT'ipv  aoii  Xu  w  tmd  &vm  the  Ob  and  Tenesel  rivera. 
Tb*9  wTfunenc  •smiKaTiirf  ri  C^faa  Wi^^^nns  ts  eitiMwh  trade  betwe^ 
Kurapu  aati  Oncnu  A^a  ~3t  vaj  %^  ikc  Kasa  Sea,  aic  deacf  viog  of  the 
bi^iioH:  vtmnaubuiMm. 

Tlii9<tUKwT«7iiftfaaC3»i:si>7  3ifa»d  called  -  EiBSBtett,"  by  Captain 
JoliiuinefHni.  ^Unacetl  In  luCsvfe  IT-  M*  ^ai  ia  86=  east  loagitade,  is  of 
Uitt  grv^Dnt  iaipaTt3iH.-«  and  :iigiL:li!aBCCi.  as  iadicaiiag  the  preseDee  of 
laait  hittiKittf  ajikiiowii  la  chat  •iirvcsaw.  Abboagb  it  received  the 
oamo  it  dow  bmvrs  fruiB  Capcain  Jofaaaaeara.  a  aaaie  signifying 
■'  liiQitly  "  nr  -*  -iu(iC;u7'.''  :c  nevoid  a>  oik  exmdiaglT  aalikdy  that  it  irHI 
[)r<jv«]  t<>  [m  :iu  p«rt'«i:t:7  i.'X'iaiini  a»  ic  »  mppoiwd  to.  Beats,  walruses, 
nod  s«ul>.  birsiiitM  niiUir  k:.i<U  of  b;ni&  w^rr  «hb  oa  this  ialaod,  which 
wnulil  Itiad  u»  thai  aikKixi^coQ  that  ii  Might  b«  the  atMtbeni  tmninatioD 
ura<:t)uiuu['L<>i;iatis:M:iiat«d  to  the  eastward  of  Prans  Joaef  lAnd.  It 
inaliiuint  ii  pi.'v  ibiiX  Jobanneseo  did  a»i  mtarc  to  explore  id  a  D<Mtb- 
t^lv  (ijrwciuD  aftirf  tte  dUcovery  of  th:^  blaad.  nstead  of  steering  to 
the  tuKtliwct>t.  Bore  e:>periall7  as  he  reporrs  tbat  tfaoe  was  very  little 
ictf  itbuiE.  Pwfaap^  OUT  knowledge  o(  tb»  partiealsr  aeigbborbood 
will  b«  ^iled  to,  and  we  will  bo[ie  coostdcrably.  ob  the  icturn  of  Naa- 
ytjU,  wbu  hitA  uow  cither  commenced  his  retnia  joataey,  or  else  is  think- 
iuti  oi  luakLM^  the  ne<-4-ssary  preparatiMM  for  passiag  his  third  winter 
iu  tbe  tar  north. 

it  will  be  iu  the  recnllection  of  all  at  this  Coogiess  that  in  1893 

Fridljof  Saii:ieii  tKiile^l  with  the  object  of  reaching  tbe  Xorth  Pole,haT- 

iiig  ewo«-"*J'^*^'  *''i'l'  in  the  belief  of  the  majwity  of  Arrtie  aathoritiea, 

wstt  a  very  uovel  method  of  carrying  out  his  Tiewa.    Having  carefnlly 

Ktudietl  ^^*^  Uirectiou  of  the  currents  in  the  north  polar  r^ions,  espe- 

^^Iv  the  drill  ex|>erienced  by  the  Atutro-Hangarian  expedition  in 

IH-J,  au*i  ''^^  °^  *'**  ^'*  ^*  ^'  '^^''■*"«7  which  was  caught  by  the  ice  in 

I  tititde  71 "  **•  *'*®  southeast  of  Wraugel  Land  in  1880,' and  also  those 

iouti  well  kuowii  drifts  in  a  southerly  direction  throogh  Smith  Soand 

'     ~  ist  of  Greenland,  he  arriTed  at  tbe  conclosion 

.■  from  tbe  North  Pole  in  tbe  direction  of  Green- 

irorresxKiQding  degree,  flow  toward  the  Xorth 

(le  of  the  Northern  Hemisphere;  aad  if  vessels 

aa»  been  carried  by  the  ice  to  the  southward, 

ituated  must,  ca.'teris  paribus,  be  drifted  to  the 

bit  off  the  current  at  the  proper  locality.     This 

X  of  the  whole  matter.    By  a  very  elaborate  but 

soiling,  bardly,  I  opine,  borne  out  by  established 

that  a  sbt]  jammed  into  the  ice  in  the  immediate 

ew  Siberia  Islands  would  drift  bodily  with  tbe 

over  tbe  North  Pole,  aud  thence  to  the  sootta, 

on  reaching  the  Atlantic  Ocean  in  the  vicini^ 
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of  the  east  coast  of  Greenland.  My  friend  Kansen  ia  a  man  who  has 
the  coarage  of  his  ovn  convictioDB,  and  he  has  boldl;  set  ont  in  bis 
little  From  in  order  to  test  the  accaracy  of  his  theory.  It  is,  hovever, 
a  theory  that  does  not  find  favor  with  meo  of  science  in  this  country  or 
with  Arctic  anthorittes  generally,  who,  from  practical  experience,  have 
laid  down  certain  axioms  connected  with  ice  navigation  whiuli,  in  their 
opinion,  should  not,  if  possible,  be  departed  from.  Nanaen  has  set  these 
at  defiance,  for  one  of  the  most  iinportantof  these  rnles,  connected  with 
the  exploration  of  liigh  latitudes,  is  to  adhere  to  the  coast  and  to  keep 
away  from  the  pack,  ysusen  has  done  exactly  the  contrary,  for  he  has 
started  with  the  express  intention  of  keeping  away  from  the  land,  and 
forcing  his  ship  into  the  ice. 

Not  only  was  Nausen  guided,  in  forming  his  ideas,  by  the  well-known 
drift  of  ships,  and  of  parties  of  men  who  had  drifted  for  many  hnudreds 
of  miles  on  ice  does  after  the  destrnction  or  loss  of  their  vessels,  but 
he  enforced  hts  argnmeuta  by  acce[>ting  as  a  fact  the  reputed  discovery 
of  various  articles  on  the  southwest  coast  of  Qreeiiland,  which  were 
supposed  to  have  been  lost  from  the  Jeannette,  and  which,  if  fhis  sup- 
position is  correct,  could  only  have  reached  the  position  where  they 
were  found  by  drifting  across  that  point  situated  on  this  terrestrial 
sphere  where  the  nortbem  axis  of  onr  globe  has  its  termination.  Bat 
even,  for  the  sake  of  argument,  admitting  that  Dr.  Nansen's  conjecture 
regarding  the  oceanic  drift  of  the  northern  region  in  correct,  the  pres- 
ence of  land,  and  it  need  only  be  a  small  island,  directly  in  his  path, 
would  suffice  to  npset  his  plans,  and  put  an  end  to  the  drift  of  his  vessel 
in  the  same  way  that  Wilezek  Island  pot  a  stop  to  the  further  ilrift  of 
the  Tegetthaff.  My  own  view  regarding  the  direction  of  the  currents  in 
the  Arctic  seas  is  that  they  have  an  unmistakable  southern  tendency, 
and  that  this  southern  drift  Is  caused  by  the  outflow  from  the  polar 
basin  due  to  the  periodical  thawing  during  the  summer  months  of  the 
enormous  quantities  of  snow  and  ice  that  accumulates  during  the  long 
winters  in  the  neighborhood  of  the  North  Pole,  and  which  must  neces- 
sarily seek  on  outlet  to  the  south. 

The  last  news  we  have  of  the  expedition  is  contained  in  a  letter  from 
Dr.  Nausen  written  on  l>oard  the  Fram  on  August  2, 1893.  They  were 
theiiinYugor  Strait,  and  were  all  well,  happy,and  confident  of  success. 
Nansen's  intention  was  then  to  proceed  along  the  Siberian  coast  until 
tbe  mouth  of  the  Olenek  Kiver  to  the  east  of  the  Lena  delta  was 
reached.  Thence  he  proposed  steering  a  northerly  course  to  the  west 
of  the  New  Siberia  Islands  as  far  as  the  open  water  would  let  him, 
and  then  to  push  his  vessel  into  the  ice  to  be  carried  by  it  in  that 
northerly  current  in  the  existence  of  which  be  so  firmly  relies.  He 
concludes  his  letter  by  saying,  "  When  years  have  passed,  I  hope  you 
vill  some  day  get  the  news  that  we  are  all  safely  returned,  and  that 
the  knowledge  of  man  has  advanced  another  step  northwpjd."  Fortune 
always  favors  the  brave,  and  let  us  fervently  pray  that  the  little  Fram 


.1 .:     ;..~    -^^  ■-»   .  -^  1^  -and  imt  k'  'fir'  aaAs;  «if  tfce 

->--  iv  •-  I  r-trr-f  Ti»  :'  "Ti  i- jiw .:  UQu  ■■  .ul  uaoeKnei. 
-•  !  .J-  ti'i>r-n.J*.' I  ■'— ■■— — .-^  T^  J***  :HiM!riu  LilkiMb 
^(    ir-    1.U-.II    7i,].  V  1(1    i^ii    1  ~sii  It  -iiuc  Iinle~Inu»«ti 

,.,  ..4,ri  .■  iii-r-.  aiit  ••a*'  — I -ar '•■nUi  -•Hto<  •>!' L;«k:bi>T 
v^ii^   -"—    I r .•?••--"■■ ,;   ii;^.i--rtr*  wn  9iMi£.     Ciuler 

■^H  ,j  -i^  -  'wr-jt*ruii  I  ■•  *  "Ut^  iiHiiii  iitc  »oiy  Taew^Cs 
-  ■>  v-n*»^  ■!'  )i  fS  "-r-UM"-  ii—iii  II       HIE  Mou  owipieie 

'  '/r'^-jf*  '•  ii^  t  jt"l:ril.  TTi  «*-'ia  Ultl  -UBOS  Mlb«'- 
■  /  '  ■  i'  ■  V  -  ■  1"  111*  iiiuuuiirj^  n»T_iiti  ■::»t!  ~t^.£«!UcUw  kad 
'••  '/  'v-  .■-■  '.*T"'»-  '■<?  ii  ■^'Zuu*  ^ir»r  b"jr-»^  ikTtuei north 

',  A  •/.■(,*  v-<'.'  \.w>-i  -i  KbiT.  :>i^  luuft  ^x •-oosnieral 
'  fi'f'.ii^  »'* ';:„-.jLr  int  I'-iU'iii-  ;i»rj ♦i- :«?c«5S«eiiring,  in 

<  f.i' /  fli.it  fi'i  initfi::  '4  -.'itt  t^z^z^  iSfi  -nioiiiioa  of  tfae 
•  i.'T.ii'i'ifihi:  i'Umi-  tf-  T'''*^  -  T  I-kT.-o.  T- ■-■_  A  kiMwl- 
<(;(!  I«.  (/f  tli>?  Kfaf-t  i:-t««»-t  *i  ii>*  ?:o(fi:  time.  S8 
,  t'tim  I'liin'  ttfiiii'yiu  r»--iJt»-;J:j:r  :":.<■  ei^rirtr*-  «,>f  the  p«L 

'  II  i"'i|iii/|i  III  rmiriiiti'iu.  uatural  Lisu>ry.«fc_  ist-nrvmely 
III!  I  >-|iit  liilly  witli  rci:)>ril  t<i  tbwr«  great  bus^vs  of  buried 
U-i  ti'iii  ruiMKl  ill  iiK^ri^lible  qaautilit-s  the  booes  and 
Im'I.  hIiiiIi-  nlii'li'loDH  of  tlie  tuamiuotb.  rbiiMM'eros,  ttud 
!>  i,t  ,ii,t\  III  aHi-li  II  woiiilitrfiil  state  of  pr«s«rvMtioD  that 
luiiinl  I  III)  iiul  1m<  illNtiiiKiii'*b«<l  from  tbe  very  bei^t  and 

III  lilt-  .liiiniirilf  In  ibiH  pnrtU-ahir  locality  did  not  add 

I  iMii  fti '>i<Mi|ilil>'iil  kiiowU-ilge  of  tUe  Arctic  regions,  but 

<  •! ii|il<>'lii«l,  miiiii>l,v,tli<i  peiietratioii,bf  way  of  Bering 

<  <iii  I  ilii'iiiiiKi  liilii  tilt'  niikiiiiwii  area  than  bad  ever  been 

I I  iliii  •  iiiiii  liKiiiin,  ')'li<>  .IciiKtit'lte  wds,  it  will  beremeai' 
II  I  III  I II  n>>tiiiiiiilit>i'  li,  1S7I),  to  tbe  uortbward  of  Herald 

n  ihiiili  1<ililii<li>  mill  ill  175' west  longitude.  In  tbia 
iliii")  ti>  liilt''<"U  ll\i><)  iiiilil  tb(>  wa» crushed  by  it  in  Jane. 
I   llii'i  liiiin   i>i'ii>i.l  lii>r  drifl  wm.s  somewbat  remarkable. 

'I  n>i>lM>  iiiiiiilbi  <<l  111')'  ii))i>ritionniout  she  drifted  aboat 
It  iiiiiMi  ii>i)ili\M»l  •lii-iH'iiKn.  »ml  during  the  last  nine 
nil-Ill  liml  I'liiiloil  lii'i  iiitlrss  tlum  '2M  miles  to  tbe  Dorth- 
Koii  I'liiiotKi'ii.'t  lb:il  l>ol\(>>cn  .\\\T\\  2l>,  l$SO.uid  Sovem- 
iitio  >  •>ni ,  "be  « It-  I'lti  vtisl  ;)l»>ui  in  .■'Uch  an  erratic  manner, 
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dne  probably  to  strong  tidal  action,  that  she  was  almost  io  the  same 
position  on  the  last-named  date  that  she  occupied  in  April,  notwith- 
standing the  fact  that  daring  those  six  months  she  was  never  stationary, 
always  driftiug  with  a  greater  or  less  rapidity  in  one  direction  or 
another,  sometimes  even  at  the  rate  of  i  knots  an  hoar.  During  the 
entire  drift  of  over  400  miles  the  Jeannette  was  in  a  comparatively  shal- 
low sea,  of  a  uniform  depth  of  between  30  and  40  fathoms,  but  occa- 
Hionally  a  depth  of  70  and  even  85  fathoms  was  recorded,  the  bottom 
consisting  generally  of  soft  und.  Although  Captain  Be  Long  ascribeil 
the  drift  of  the  ice  iu  which  his  ship  was  beset  to  the  prevailing  wind, 
which  was  from  the  southeast,  I  am  inclined  to  think  that  it  was  also 
materially  influenced  by  the  water  of  the  Lena  River  emptying  itself 
in  that  neighborhood  into  the  Arctic  Ocean.  The  greatest  pressure  of 
the  ice  was  invariably  experienced  at  the  change  of  moon,  and  it  was 
considered  that  this  pressure  was  in  a  great  measure  due  to  the  action 
of  tides.  Although  the  ice  was  apparently  of  the  same  massive  char- 
acter as  the  so-called  paheocrystic  sea  to  the  north  of  Smith  Sound,  yet 
one  of  the  greatest  inconveniences  from  which  the  expedition  suffered 
was  caused  by  the  impurity  of  the  ice,  which  was  so  salt  as  to  be  quite 
undrinkable,  and  they  were  consequently  compelled  to  obtain  their 
fresh  water  by  distillation.  One  of  the  results  of  drinking  the  water 
made  from  this  ice  was  that  it  produced  excessive  diarrhea  iu  those 
who  drank  it.  Dredgings  were  occasionally  obtained  during  tbeir 
drift,  but  the  results  were  comparatively  valueless. 

The  most  important  geographical  work  accomplished  by  this  expedi- 
tion was  the  discovery  of  Henrietta,  Jeannette,  and  Bennett  islands, 
which,  I  think,  may  be  regarded  as  part  and  parcel  of  the  New  Siberian 
group,  Ronnd  the  shore  of  the  last  named  island  a  strong  tide,  esti- 
mated at  3  knots  an  hour,  was  observed,  and  the  rise  and  fall  of  the 
tide  wasfonnd  to  be  2^  feet.  Traces  of  reindeer  were  seen  on  the  island 
t«  the  eastward  by  Oaptain  De  Long  and  his  party,  and  bituminous 
coal,  which  burnt  readily,  was  fonnd  and  actually  used  by  them,  on 
Bennett  Island.  Glaciers,  presumably  dis<^hargiug  ones,  were  also  seen 
on  the  island. 

One  of  the  ships  dispatched  by  the  United  States  Government  (the 
Rodgera,  under  the  command  of  Lieutenant  Berry)  to  search  for  the 
misBiug  Jeannette  made  a  very  complete  exploration  of  Wrangel  Island, 
which  must  be  regarded  as  a  great  geographical  achievement.  This 
island  had  long  been  wrapped  in  obscurity,  if  not  mystery.  "Wrangel 
himself  endeavored,  but  without  success,  to  reach  it  with  dog  sledges 
in  1822  and  1823.  Oaptain  Eellett,  in  the  Herald,  sighted  it  in  1819,  but 
no  one  (with  the  exception  ot  the  captain  of  the  Concin,  who  succeeded 
in  landing  on  it  a  fortnight  earlier)  bad  ever  reached  it  or  fixed  its 
position,  except  approximately.  Thanks  to  the  efforts  of  Lieutenant 
Berry,  it  is  now  well  known,  and  its  position  accurately  determined, 
Vtom  Wrangel  Island  Berry  pushed  to  the  north,  but  was  eventually 
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ntofrped  hj  impiaetwvit  -x*  in.  Sgnawfa  T3P  44"  umI  in  loogitade  171° 
SO"  went,  ftetamin^  ta  ih»  amsbw^rd.  he  made  uiotber  attempt  Air- 
Itier  to  th«  wtMward,  riz.  <«.  ^t  nnidna  of  119°  52',  bnt  only  sao- 
(ipwleil  ill  rea<;biiig  the  Iscxa^  yf  rj^  2^.  vlien  he  was  a^c  stopped 
by  Mie  fcFnDid»b)e  cbarxter  <^  tbe  im  Benj  made  tidal  observationB 
ofT  IlKrald  Island,  and  found  tkattliellood  tide  set  to  the  northwest  and 
Mm  plih  111  the  oppofrite  diraedon.  At  hi^  and  Iot  vater  do  coirent 
WHM  iirrcTptible. 

All  rpiHirts  relstive  to  the  nature  of  the  ice  north  of  Bering  Strait 
4>iiliiciili>  with  rrgnrd  to  its  massiveneBs and  impenetrability.  I>e  Long 
n-iin  bi'Hol  In  tlio  same  heavy  ice.  CoUioson  made  several  efforts  to 
iifliplmln  tlio  pnck  in  varioos  directions,  bat  irithoat  saccess,  and  be 
ttiiN  At  ItMiRtti  compelled  to  retuni  to  tlie  lead  of  open  water  that  is 
hivni'iiibly  found  during  the  sammer  along  the  coast  of  Arctic  America, 
tlilnliitviuitbluuhannol  is  due  to  the  grounding  of  the  heavy  polar  pack 
III  tlio  nliitlluw  water  tliut  extends  for  a  considerable  distance  off  the 
liiMtl.  It  wuH  In  this  ice-free  channel  that CoUinson  and  McGlnre  sailed 
iiliiiiK  III"  i^ntire  American  coast  to  the  east,  enabling  the  former  to 
(Kiii'ii  IIhi  one  litnidred  and  fifth  meridian  of  vest  longitnde,  thus  over- 
l<i|i|iiiig  I 'iiny'H  discoveries  to  the  westward  by  a  considerable  distance. 
I  ltd  liiilli  LbitHi)  iiavigutors,  skillful  and  daring  as  they  were,  were  never 
lit  ill)  III  |iuiii!tratit\vliat  we  may  fairly  designate  as  the  pala-ocrystic  ice, 
w  \\U:U  I  liiiy  met  when  they  attempted  to  push  to  the  northward  beyond 
llm  UM^uiily-ulxth  parallel  of  latitude. 

I  iiilliiiitiiii  ittiites  that  some  of  the  lloes  were  as  mnch  as  30  feet  above 
(lilt  itiilm-.  Taking  the  ordinary  dotation  of  ice  as  having  seven-eighths 
lmiiii:t  ai»ii,  WH  thus  have  the  thickness  of  the  ice  floes  established  as 
"1 II  Jitit  li'ul.  This  was  abont  the  thickness  of  the  ice,  as  estimated  by 
"iiliiliM  iliiiliirlions,  over  which  I  traveled  in  1876  to  the  north  of  Smith 
'■"iiiiil.     i'ii[)Uin  McOlure  encountered  the  same  kind  of  ice.     He 

'' ■  "   '  iiendoas  thickness  and  in  extensive  floes  fh>m  7 

the  surface  not  flat,  but  rugged  with  the  accoma- 
I  thaws  of  centuries.  Off  the  west  coast  of  Banks 
Irlie  oceanic  ice  floes  was  of  an  nudnlatiug  nature, 
o  sunmiit,  rising  in  places  as  high  as  the  lower 
(for.  Tlie  current  experienced  along  the  coast  of 
II variably  in  a  northeast  and  east-northeast  direc- 
l*riii(«  of  Wales  Strait  is  attributed  by  Collinson 

or  iiitt>r(>Hting  work  associated  with  north  polar 
■Ivi'il  lltiii)  the  exploration  of  that  vast  unknown 
'I'll  Wningt'llsland  and  Prince  Patrick  Island, 
'  I'llni'o  Patrick  Island  with  Aldricb's Farthest  in 
I"  II  wiii'li  Hint  I'ttnanly  be  accomplished  by  a  regu- 
iiiKBi.,  iiir  iill  UHVigators  who  have  approached  this 

H'Kliiii     t'.tllinwm,  Mcdlnre,  Parry,  McCIintock, 


Dcillizedoy  Google 


ARCTIC  BXPLOBATIONS.  289 

and  De  Long — all  testify  to  the  heavy  and  formidable  character  of  the 
ice,  and  unit«  Id  tbeir  views  regarding  the  difficulties  that  must  be 
overcome  before  success  in  this  directioa  can  be  attained. 

Casual  exploration  by  single  ships,  without  proper  support  and  with- 
out taking  the  necessary  prei-antions  which  I  think  all  Arctic  anthori- 
tiesare  unaiiiinous  in  advocating,  should  be  deprecated  as  much  as 
possible.  With  proper  care,  and  the  establish  men  t  of  depots  of  pro- 
visions and  boatK  id  previously  arranged  positions,  no  danger  need  be 
apprehended  to  those  who  form  part  of  an  efficiently  eqnipped  expedi- 
tion, dispatched  for  the  exploratioo  of  this  portion  of  the  Arctic 
regions. 

The  next  portion  of  the  unknown  with  which  I  will  deal  is  that  large 
tract  of  land  called  Greenland,  and  seaa  adjacent.  It  is  in  this  direc- 
tion that  the  highest  latitude  has  so  far  been  reached,  and  this  has 
been  accomplished  solely  in  consequence  of  the  extension  of  land  in  a 
northerly  direction.  Although  much  has  been  done  in  this  region, 
much  yet  remains  t^  be  accomplished. 

The  connection  of  Oai>e  Bismarck  on  the  east  coast  with  Gape  Kane 
(Lockwood's  Farthest)  on  the  north  coast  is  of  the  greatest  importance, 
as  setting  at  rest  the  question  of  the  boundaries  of  (Greenland  and  the 
determination  of  its  insularity.  The  amount  of  coast  line  to  be  explored 
and  the  distance  to  be  traveled  in  order  to  solve  this  geographical  prob- 
lem is  not  very  great,  probably  not  more  than  450  or  500  miles,  but  of 
course  mnch  time  and  trouble  must  be  expended  in  reaching  either  of  the 
above-mentioned  giositions  before  starting  on  new  ground.  Civil  En- 
gineer K.  E.  Peary  of  the  TTnited  States  Navy  has  shown  us  what  can 
be  done  iu  the  way  of  traveling  in  the  interior  of  Greetdand  by  an 
energetic  and  peraeverin"^  explorer.  He,  it  will  be  remembered,  estab- 
Ushed  himself  during  the  summer  of  1S91  in  McCormick  Bay,  in  7S° 
north  latitude,  at  the  entrance  to  Smith  Sound.  During  the  following 
year  he  traveled  across  the  entire  breadth  of  Greenland,  from  his 
headquarters  in  Murchison  Sound  to  a  large  bay  which  be  reached  on 
the  northeast  coast  of  Greeidand,  which  he  named  Independence  Bay, 
on  about  the  thirty-fourth  meridian  of  west  longitude.  During  (his 
somewhat  remarkable  journey  the  cxploreiii  reached  >iu  altitude  of  over 
8,000  feet Jkbove  the  sea  level.  Departing  from  the  usual  method  of 
carrying  out  exploration  in  the  arctic  regions,  namely,  adhering  to  a 
coast  line,  tbey  pushed  boldly  into  the  interior,  utilizing  the  inland  ice 
as  the  roadway  on  which  their  sledges  were  drawn  by  dogs.  It  is  sig- 
uiflcant,  a^  illustrating  the  severe  uatnre  of  the  traveling  experienced, 
that  although  they  started  with  25  dogs,  only  14  were  alive  when  they 
reached  their  most  northern  position,  and  only  5  survived  the  whole 
joomey,  the  remainder  having  succumbed  to  the  bardshit>s  of  the  work 
in  dragging  the  eledge  or  had  been  killed  in  onler  to  supply  the  party 
with  food.  During  the  outward  journey  Peary  estimated  the  distance 
he  traveled  at  about  «50  miles,  at  an  ave/age  nue  of  10^  miles  for  each 
8M&6 19 
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/itty  tit  «Mtf)»K.  Tliir  wKathtx  expcriesMd  ns,  ob  tke  whale.  niU. 
ff,f<  t-tTtfii  li;tfi|M^ratai«  ret»nl«<i  Ijcing  — -7'  F-alihoagfa  at  >b  altimde 
itf  rf.tHHt  ri'f't.  Til*!  iiifonnatimi  wnpptitd  bjr  Peary  icbtiTe  lo  his  obaei- 
tnll'Kia  III  l)iif>  imrt  Iff  (Ireeiilaod  isexttemel;-  inteiuitiDg.  He  foand. 
^tl■j^ll1t>^  Uiii  ((iiw^lf^rH  aikI  fiordti  that  interseet  tbe  vest  erast  of  Oreen- 
liHuli  Ifil'tci'  ([liw^liil  iMMiriR  extending  into  the  inleiior  to  a  distance  of 
fnitii  <W  Iti  Mt  iiilltD).  Thetie  basiua  are  sejmrated  fimn  eacli  wther  b; 
ima""  "I  lull- viiryiiiK  In  height  nx»m  5,000  to C,000  feet,  and  at  least 
-J.litHt  fi'i'l  iilioVK  Mii<  hiiiiii  plateau.  Peary  states  that  the  iiOTtfa  end  of 
tl'O  uidiil  liilliliil  !('«  ni|>  t«nninates  iu  abont  82^  north  latitade.  Be 
(iilliitMol  IIm  (itluii  H(tiii»  iHI  inlleH  along  this  parallel,  and  ub^ened  it 
i.*li'htllliii  Iti  III!  I'UNti'i'ly  mid  westerly  direction  for  a  considerable  dis 
tiHiM'  lli>  lidHioilikMliihtHl  tliu  f^t  that  mask  oxen  inhabit  those  dreary 
|i'|i>ii|iai  iiiitl  liti  lUiiiid  <>\(u<lleut  pasturage  in  the  Hbelt«red  ralleyK, 
u  III  II'  oimiti  'JO  III'  tlH'M>  iiiiimaU  were  observed  browsing.  From  Inde- 
)ii'liilt>iit>i>  liny  Id  tlir  tuiHili»ii  iritulied  by  Lockvrood  in  (ireeley's  expe 
illlimi  h  inxiipiiiHllvriy  n  Hliort  distanue.  At  Peary's  most  northerly 
|ii<'<llli>it,  itt  It  liHttUtnf  .'t,MH)  I'lH^t,  lie  observed  land  at  an  estiuiatt^  dis- 
(iMiV'ti  i>l  hlniiil  lit)  mill's  in  it  iiortlioiat  difection.  This  land  showed  no 
i>i(iii  III  lii>lit|i  ciippotl  by  ire.  Kud  i^  possibly  a  portion  of  an  archijtela^ 
III  imliituwu  oxttnit.  It  is  a  nntoworthy  fact  that,  iu  addition  to  the 
luill  liiiiinn  niuna  found  in  high  liititndee,  two  baniblebees  and  several 
IiiiIUmiIii'n  \\t>it«  s(H>n. 

Iiilditisliiig  I'thnoloKical  olKservalions  were  made  at  the  winter  ([uar- 
li'i»,  mid  mtii'h  viiluable  infovmalion  ivlative  to  glacial  geology  in  tlial 
liitllliiilav  liH'ulity  obtHine«l,  Altogether  Lieutenant  Peary  im  to  l>e 
t  iiii)ii<i(iiliil<<d  111)  tlio  snt'i'osalul  n^snlt  of  his  ezf rtions. 

M<lit>ii)lli  l.jontiHiant  IVury  wm«>  engaged  la:$t  year  iu  continuing  bix 
ii'n  iili  litiB  in  North  OiT^^MilMud.  he  has  not.  (Vom  various  unavoidable 
1  iiii  .I'.-.,  iidiU>il  iHUi'h  lt>  his  previously  ac4)mre«l  geographical  knowledge 
III  lli<il  li'Hitmi  I'ul  n  >>nruoy  wus  unnle  by  Mr.  Astrup,  one  of  the 
inviiilii'ln  III  lita  (A|MHlit)iU),  oMind  Mt'lville  Bay,  resulting  in  some 
lil„lilt  liih'M'xMiii:  obs<>r\it<htus  n>lti(iv(>  to  the  glaciok^-  of  that  part 
III  tm>i<iil<Mtd,  iMid  a  tHoiv  Mtvuraie  nt^ppiug  of  the  roast  line  in  that 
U'tiiMs  I  It^uieuttui  IN\try.  with  pnuT^witrthy  per«i8teDt.-y.  is  still 
»i*vl,  of  e\(>1itnii)on,  and  I  have  no  doubt  is 
»\e  worx^  ;;!iiN:««tin^  ami  valnable  resolts  lo 

I'uvd,  »»•  siHst  n,*!  »v.::i  ibat  larfw  aivhipelago 
f  «^M  ,*;  th,^i  ^iY\t;  nvitineui,  and  north  of 
,«:].  U.^v  «»■  ^-ii\-v  jt  a^isi  ioleresnug  r^w"- 
*V..,  i  WAj  Iv  rv^ju>i«*i  «.<^  Tii|nB  temtor>-. 
^v..,;:,vS^\  IVry,  M,<:tc:v- a»d  McOUntock 

SN■■.t^\lvVt;^.■..C.,*-^;  !Vv')m«  (t>  th«  ^«Qtll:  by 

:V  -.i-vvv^y.^v  «.'>i>  rj  -ic.or  :vi«v<K4ing  or 
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more  valuable,  ia  a  geograpbical  sense,  than  the  conuectiou  of  McClin- 
tock'a diBCOveties  in  Prince  Patrick  Island  with  Aldrich's  forthest  along 
the  north  coaot  of  Grinnell  Land. 

There  are  different  rentes  by  whicli  exploratiou  in  this  direction  can 
be  carried  out.  In  the  first  place,  it  can  be  ondertaken  from  Discovery 
Bay  (where  H.  M.  8.  Jhacorery  wintered  in  1875,  and  w  hieh  was  also  the 
Leadqiiarters  of  the  Gceely  expedition  six  years  later),  by  proceeding 
np  Archer  Fiord  antil  the  boundary  of  the  undiscovered  region  is 
reached.  Secondly,  there  is  the  route  northward,  using  Prince  Patrick 
Island  or  Melville  Island  as  the  base  of  operations;  and,  lastly,  there 
is  the  way  by  Jones  Sound.  The  latter,  I  am  inclined  to  tliitik,  is  the 
route  that  will  yield  the  greatest  amount  of  success.  2<o  one  has  as 
yet  succeeded  iu  penetrating  to  any  great  distance  in  this  direction, 
bat  then  no  serious  effort  has  ever  been  made  to  do  so.  Whalers  have 
occasionally  looked  iu,  but,  finding  it  blocked  with  ice,  and  therefore 
inaccessible  to  whales,  hare  not  persevered  in  pushing  on,  but  have 
coutiuued  their  journey  to  Barrow  Strait  and  Prince  Regent  Inlet, 
where  whales  are  known  to  abound.  Sberard  Osboru,  in  the  Pioneer, 
ascended  the  sound  for  some  distance,  until  stopped  by  ice.  lie  reports 
the  scenery  on  either  side  as  maguificent;  long  winding  glaciers  i>our- 
iog  dowu  the  valleys  and  projecting  into  the  deep  blue  waters  of  the 
strait.  Traces  of  Eskimo  were  discovered,  but  of  supposed  ancient 
diite,  and  vegetation,  quite  as  Insnriaut  as  was  seen  farther  to  the 
southward,  was  fouud. 

It  was  only  last  year  that  Mr.  Bryant,  in  command  of  the  Peary  Aux- 
iliary Expedition,  endeavored  to  penetrate  into  Jones  Sound  while 
searching  for  the  missing  Swedish  naturalists,  Messrs.  Bjorling  and 
Knlstenins ;  but  he  had  other  important  duties  to  carry  out,  and,  unfor- 
tunately, had  not  the  time  at  his  disposal  to  persevere  in  bin  efforts  to 
push  northward. 

A  few  words  relative  to  those  two  gallaut  Swedish  gentlemen,  who 
sacrificed  their  lives  in  the  cause  and  in  the  interest  of  geographical 
science,  will  not,  I  think,  be  inappropriate  at  the  present  junctura.  It 
will  be  remembered  that  they  set  out  iu  1892  with  the  intention  of 
exploring  that  practically  unknown  country  situated  on  the  northwest 
aide  of  Baffin  Bay,  called  by  Admiral  Inglefleld  Ellesuere  Tiand. 
Purchasing  a  small,  and  I  fear  somewhat  nnseaworthy  schooner,  named 
tbe  Hippie,  at  a  comparatively  insignificant  cost — for  their  means  wei'e 
limited — and  with  a  crew  of  only  three  men,  they  sailed  from  St.  John's, 
Newfonndland,  on  their  adventurous  voyage.  Godhavn  was  reached 
ill  safety,  and  they  left  that  port  on  Angust  3,  since  which  time  uothiug 
has  been  seen  of  them,  but  the  wreck  of  their  little  craft  was  fouud  by 
a  whaler  the  following  year  on  the  sontheast  island  of  the  Cary  group. 
Kot  far  from  the  wreck  was  the  body  of  a  dead  man,  buried  under  a 
heap  of  fltonett.  Some  letters  from  Bjorling  were  also  discovered  con- 
cetiW  ill  a  caini  adjacent.     Prom  tlie  cbut«ute  of  these  we  gatbcr  rliat 
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1.*  ».-3f   -'.-  -f    i-i?      i*»^.   :-  "!-«■  -Kit*-  -r  -aJin^  _n  -wuii  -±k  E^kiBo 

■  .^..••f^  .'J.  -^^  uut  \  -4i^.u:i-aiir  -(iiia^Kar  -t3»  nsailif  in  it  to  the 
*A-(^  ''><■**  ^"^r  >m'- -ionj.  T-iciii  ittr  ^m^  icv.iiu.  .f^unucy  L  Tbeir 
iixr.i'^-'  rrtr'> -Ii*^   ii.tlim:!.i.-:it^L  mr  •□*- sou  Y:iii  tvme.     T^£«  is  the 

C/af'TH"-  .  t-^'i- '  -  ■!>«  ?  u-.^ia-    uiu  uum;  "iie  aordi  jfaocv  trf  Sortfaani- 

,ni^  if  ■  ■<'' I.  I'lr.  11;. I*  T-ra  in  i:i!*nn;e*-mi -eaalc  ami  hi  «c«flis  iimh« 
•'«»ri  ,-: ,f.;.i .>••  •iiiif  "ii>-7  ..iHf  'iuyr  j-*^  w'ju«  jcoHBpCiiis  Co  ctoc«  from 
i..#.  ''  -«f ,-  mIhiiiI'*  *'t  '    ipf^  '.l^->Hi<».  A  <LiMaiun!  «€  ^vbtMit  5l>  milts,  in  a 

[    . ,,    v>'»  r-,.Ti*-,l:i>'.»*  nj  *l.irp;«*  Wi-ii  *  '^rirf  'flmiMarj  of  tbc  resalt^ 
tiy.sT   '"'.'i.'j  4fj-r-i*.  '•;'  *  4;'->r.f>m;iCii:  li^piiKanoa  ot'  tii«  tuknown  uea  in 

tM  ;.«■'''.)<■.  (''■ar'''n-«. 

■f„t,.  K,/Mt  iri'i'-'-r'Ant  w<m.>i.  lu  aH  probobiltry.  be  those  CMuected 

"ifft  (,i.  /*i'»l  yw^riiph/  and  j^fr-.l-igy.    The  g«>l«>gy  of  the  far  north  is 

ku'fw  '>Ti>y  j>i  rrA(fin«^r,i«ry  par<'b«».  bat  <^v^  this  limited  knowledge 

fffif>i*  it.  f/i  *•!■.  'ft  »  VAtifA  .:harairter.    If  all  th«w«  patches  were  Joined 

nil')  /|"'/''IhiI''>)  t'ifcH'.li'rr,  fact*  even  more  remarkable  and  iiil«res1ing 

Mi.<(.  rtdy  yf  kurmn  w<ml<l  l»e  revealed.     What  pan  be  more  interest' 

)ii((,  fr'iin  M  ■wtj'tnr.ltt'-.  {Knrit  <>r  view,  than  the  aoeonnt  of  Baron  TolPs 

vitlri>iM'<  ii-tMi\u:*  ill  ttie  New  Hilteria  iHlanda.and  theestnutrdinary 

('nil  't'<rM>iiy  (|f<(Hmirjt  thfit  lie  diHcovered  there  t    Then,  again,  it  most 

fill)  I'"  riiiifllfii  Mild  I)mi  iiortli  shore  of  Grinnell  Laud,  and  also  the 

OreenlaDd  known  as  Hidl  Land,  are  plen- 

(li(M-   ice- born  bowlders.     Ur.  Bessels,  tlie 

iif  tlii>  Polaris  ext>edition,  was,  I  think,  the 

liiiwMurs  hud  no  connection  with  the  rocks 

it  I  i!nn  not  help  thinking  (and  in  this  belief 

l''li>liloii,  who  Herved  as  natitrolist  in  Nares*8 

IN  iMincluxion,  viz,  that  they  must  have  been 

I'HMihuul,  and  consequently  at  one  time  the 

in  titi'  t«(inth  to  the  north.     It  is,  in  iny  opin- 

ii-o  t'lTiitii-  iHiwlders  were  transported  on 

Hi  llu'  noi'tl)  |H.>K'  than  we  are  at  preseut 

k  umb-riHii-rwtion.  that  the  glacial  geology 
nndi'i-'UHHl  atui  describe*!  withont  a  more 
i;iV)i«  t;'»'>'»l  .-iluvtsof  the  nortii.  for  we  may 
^>  (Vi:i>>ii-<  M  tlio  )ii'e»eiit  luuneDt  are  in  very 
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mac))  tlie  ttame  condition  a»  was  this  coantry  dnring  the  Glacial  period. 
ScorvH  of  i>eo[>le  have  es|)oauded  their  views  on  tlie  (ireat  Ice  nge,  but 
how  many  of  them  have  had  any  personal  acqaaiutanvo  with  those 
stnpeDdoiis  maasee  of  ice  to  be  foand  only  near  the  polesi  The  nifyor- 
iQr  of  these  writers  argae  mainly  from  their  ez]>erience  of  the  pany 
glaciers  of  the  temperate  zones.  It  has  been  gravely  a-nserted,  and  in 
a  journal  of  a  )<cientiflc  society,  that  ice  does  not  wear  down  rocks,  and 
that  the  idea  of  fiords  being  excavated  by  glaciers  was  a  theory  that  is 
now  abandoned  by  all  geologists.  The  writer  holding  these  astonish- 
ing views  uiast  allude  to  those  geologists  who  have  never  visited  tlie 
Arctic  regions ;  for  all  those  who  have  seen  for  themselves  the  wonder- 
ful renults  of  the  movements  of  hoge  bodies  of  ice  and  the  marks  of 
glaciation  so  frequently  seen  on  the  rocks  of  the  north  must  think 
difTerently.  These  are  questions  that  can  only  be  satisfactorily  decided 
by  a  continuance  of  polar  explorations. 

The  science  of  ethnology  would  be  largely  benefited  by  further  inves- 
tigations in  the  far  north.  It  may  very  truly  be  affirmed  that  we  are 
oulyjast  beginning  to  know  something  about  the  Eskimo  from  a  scien- 
tific point  of  view.  It  is  now  recognized  as  an  almost  accepted  fact 
that  they  did  not  come  ftt>tn  Asia,  and  that  the  few  found  on  the  Asi- 
atic side  of  Bering  Strait  migrated  from  the  American  nide.  Rink  and 
other  anthorities  contends  that  they  are  essentially  of  American  origiu, 
bat  the  route  tfaey  took  from  America  is  still  an  open  question.  A  study 
of  the  folklore  of  the  Eskimo  woald  doubtless  throw  new  light  on  the 
subject.  Boas  and  liiok  have  shown,  and  the  Danish  expedition  which, 
under  command  of  Lieutenant  Ryder,  recently  wintered  on  the  east 
coast  of  Greenland,  confirmed,  that  new  legends  have  a  most  important 
bearing  on  the  question  of  the  origin  and  migratiou  of  these  nomadic 
tribes.  An  ethnologist  who  took  the  trouble  to  leam  their  language, 
or  who  had  a  trustworthy  interpreter,  could,  with  the  greatest  advan- 
tage to  science,  spend  a  year  or  two  among  the  Mackenzie  River,  the 
Ponds  Bay,  the  Smith  Sound,  or  indeed  any  other  Hskitno  race,  for, 
with  the  exception  of  a  slight  and  imperfect  knowledge  of  the  I^bm- 
dor,  (ireenland,  and  Cumberland  Sound  i)eople,  absolutely  nothing  has 
been  done  in  a  field  of  research  which  promises  such  a  rich  and  abun- 
dant harvest  to  the  cultivator.  As  Br.  Robert  Brown,  one  of  the 
greatest  authorities  on  this  subject,  says: 

There  are  no  people  on  the  face  of  the  earth  whose  characteristics 
wparale  them  more  completely  from  other  races  of  mankind  than  the 
Eskimo.  They  are  extremely  homogeneous  in  physical  features,  in 
language,  in  social  habits,  in  religion,  and  in  modes  of  life.  .  .  . 
Though  divided  into  tribes  and  groujied  into  broader  sections,  the 
BRkimn  are  everywhere  the  same  people  from  the  eastern  point  of 
Siberia  to  the  eastern  shores  of  Greenland. 

Their  habitat  is  the  bubitat  of  the  seal,  the  walrus,  and  the  polar 
bear.  But  the  first  named  animal  is  everytiiing  to  the  Eskimo^  it  is 
bis  food,  it  gives  him  light,  warmth,  clothing,  iniplements  for  the  chase- 


rti  «.tf— r  y.-iFZM.\t.x.r3.mt. 

't.^fAf      »*r  '"A   '"r    ix    ll'X*.  WUt  -BartfTul    Str    ~Ul>  -tlBHCIlinM    «f  Us 

-."•«.•  *r./l  '•^iK.^n       *    '.xi^nr.  *:■»>  inai  "ui-  E.^^^Ht  w-*tud  i*  -^  *  yikiw 
«(,**     r  ■(!  '.if  t^M  .w  .-iniiMrw"  lnr  irn« -in*. 

r.'«>«4  '.<  !r,ir  *-/.wf<^iv  tf  '.UK  EiHLum  «<vK  !bimd  a^fig-iMtfc  aft  the 
*/:.*'/  **'".'.'l  ^tt.*i\r\  ■.<  .acrailA -oi  -jw  w«»c  «if«.rf  ^■isk  SsvmLIit 
/  -4;,*'  II   Jk'*'-'.  .tnil  *ri.*.  [  r.(i:nH.  i^  iitu'  bwh:  nartuam  t^hkl^  vI  tlie 

/rf  M>*>A  rrir.M  •till  farlw^  nnrtb. 

'//•'»'  ff(/tf'f  t"  /■mAtt'Xf,  It  mn4t.  1  Mippune.  be  coafimaed  that  the 

f^f^p'frMl  i*mni*\*  tA  t.t>«;  far  rwirth  »rc  6urlf  wfll  kBowB.  bnt  we  have 

r''f  ftMr'  h  Uf  iMirrt  f^v,%tA\ii%  tbrir  babit>  aiid  gco^nphwal  distribo- 

Mr'ri,    'f  tfri'  firr  m»iiy  ImkI  Nj>M;i««,  mieh  m  fresb-wato-  fisbes.  mollasca, 

Mii\  \it*t4-\%,  fliHf  t*(t  ttr«!  nrtnjM^IIH  tct  acknowledge  must  lead  a  pecal- 

\,\t  M^Mffiico,  for.  »■  r»r  »H  w(!  kiiniw,  tbey  mnst  be  frozeo  dnriug  tfae 

^(lM(^  »liilfr.     'Dint  miiil.  alno  Iw  the  foteof  the  pap^  of  batterflies 

t»liM«>  IliK  aiill  In  h»/M\  br  n  Kreat  depth,  and  of  the  inhabitants  of 

(ifnlt  ttiitfi)  luhi<a  mill  |H)(>)ii  whlr-Ji  in  the  winter  become  solid  ice.     The 

qiltiatKrii  Ik,  Itnw  (tii  IJifiy  )lv»1    Thin  and  other  physiological  qnestions, 

Miidli  It"  Mmw  iiflKcMiii^  lilhitrrintlon  In  extreme  cold,  have  never  yet 

\m'\\  iKillnliii'litt'lly  i<ii]iliiliit><l,aii(l  can  not  be  iDvestigated  except  on  the 

■jiiil  mill  ■>>'  nil  i<H|ii*i'l.     MoHWvei',  there  are  myriads  of  marine  ani 

notU  III  I  tit'  iii'i'fti,  mii'li  11*  iM-»»l6iibii'  (jelly-tishes),  etc.,  which  rise  to  the 

Mill  hii'i>  nil  lliti  iMiliii  Huniini'i' iluyH;  It  1h  tn)|H>rtaut  that  these  should  be 

ttiiiHli  itnti  t'Sitinini'il  hoiii  actna)  olmt>rvatiou,  for  this  has  never  yet 

|itii>ii    ihniiv     F*i<iuiilltiu>«,    t(nu)HH-Htunt   ulisevvatinns,   dredgings,  and 

iitliiu  t>li^  Mli'itl  ttliMM'VUtltiiiit  oven  in  htivis  Strait  and  Baffin  Bay  woald 

'      '  IVom  a  KtHigmphical  and  geological  pointof  view, 

\%\v\\\  nnttotluit)  of  the  utmost  value  to  science. 

\\\\\  Oitvb  Strait  applies  eqaally  Ut  Bering  Sea, 

«i  Mpi( eWi'p'ii  S«a;  a  physical  and  biolc^cal  snr- 

nv\\\<X  1h>  tU'  Die  jiiyMtv^t  interest  and  importauce. 

i\>u  ot  wttHt^  <>t'  Ibe  AiTtii-  aaimals  is  somewhat 

M)  tl>xtNtr>ii(iou.  lt'«  iKu^  ox.    l>anDg  the  Glaeial 

it(\'tK\  but  u\>«  it   i»  aloiv^  entif^r  confined  to 

tuU  usttlt  ot   ch.t;  tv::t;»<Kic.  ADd  (t>  Gi««nland; 

tttNtx  A\xt>  ' '«  '.vti  .«;tM  botuded  w  tke  wert  by 

IV  vs<.v^,  SK-.  .t.'.;.  ^■t-■.'w  L^uud.-^  :k^id  lirliail 
•..•..  I,  .  .vi  .v  v>  vvii":i.:.:  ""-a  :>9i~:iwne»fi.  tkat 
.•..vv.^v  s  i.^'ii-  -t.^-t.^    »  an'umd:?*^   'mam  -amt 
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among  our  moBt  eiuiueut  botanists  us  to  whether  the  Arctic  flora  was 
originally  Bnropean  or  Americau.  There  is  also  au  idea  that  at  the 
b^DDlDg  of  the  last  Glacial  period  the  Arctic  flora  was  driveo  south, 
and,  after  the  return  of  warmer  times,  followed  the  retreating  ice,  with 
the  exception  of  those  species  that  were  stranded  and  bad  talieii  refiige 
on  the  moontain  tops,  the  so-called  Alpine  flora.  Further  investiga' 
tions  in  order  to  elucidate  and  solve  these  interesting  botanical  problems 
would  be  of  the  greatest  valne. 

We  have  yet  much  to  learn  respecting  the  currents  of  air,  the  tem- 
peratures, and  other  matters  connected  with  meteorology  wbicli,  in  all 
probability,  will  be  fonud,  in  a  great  measure,  to  all'eot  the  climate  con- 
ditions of  lower  latitudes.  Further  investigations  in  this  particular 
branch  wonid  doubtless  result  in  the  attainment  of  knowledge  that 
would  be  of  great  practical  use  and  importance. 

What  has  been  designated  as  the  Greenland  Ibho  is  nn  atmospheric 
oondition  prevailing  at  the  same  moment  over  different  portions  of  tlie 
Arctic  regions  situated  at  wide  distances  apart,  and  of  which  at  pres- 
ent little  is  known.  At  the  Alerf»  winter  quarters  off  the  northeast 
coast  of  Grinnell  Land  in  1875,  we  experienced  great  fluctuations  of 
temperature,  varying  no  less  than  55°;  that  is  to  say,  that  the  ther- 
mometer would  make  a  sudden  and  rapid  rise  from  —20'^  to  +35°,  and 
Hometimes  this  nuasnally  high  temperature,  invariably  accompanied  by 
■  asouth  wind,  would  last  for  a  great  many  days,  thus  occasioning  us 
serions  inconvenience  from  the  unexpected  warmth,  for  which  we  were 
entirely  unprepared.  These  warm  southerly  winds  were  felt  on  the 
west  coast  of  Greenland,  between  Ivigtut  and  TJperuivik,  prei'isely  at 
the  same  time  that  they  were  experienced  by  us,  thus  pointing  to  the 
fact  that  the  warm  wave  must  have  traveled  at  a  prodigious  rate,  and 
from  a  considerable  distance,  in  order  that  it  should  have  been  felt, 
practically,  at  the  same  time  in  places  so  widely  separated.  De  Long 
also  remarks  an  unusual  rise  of  temperature  in  tbe  month  of  October, 
when  he  was  beset  in  tbe  ice  and  drifting  to  tbe  north  of  Herald  Island, 
snd  this  increase  of  temperature  was  always  accompanied  by  a  south- 
easterly wind.  Immediately  the  wind  veered  round  to  tlie  west,  or 
even  to  the  southwest,  tbe  temperature  promptly  fell. 

This  brings  us  to  the  equally  important  question  of  oceanolo^y,  which 
shonld  comprise  a  complete  knowledge  not  only  of  the  surface  currents 
in  tbe  Arctic  seas,  but  also  surface  and  deep-sea  temperutures,  forma- 
tion, depth  and  nature  of  bottom,  influence  of  tides,  density  of  sea 
water,  varying  conditions  of  ice,  and  other  matters  connected  with  the 
hydrography  of  those  regions.  Tbe  strongest  known  currents  that  have 
iiD  outlet  from  the  north  polar  basin  are  undoubtedly  those  tlint  flow 
to  the  southward  down  Bafflns  Bay  and  Davis  Strait  and  iilong  the 
east  coast  of  Greenland.  These  are  apparently  uninfluenced  by  wind, 
and  their  drift  is  both  regular  and  rapid  throughout  the  year.  The 
Btnily  of  tbe  system  of  these  inflowing  and  onttlowing  currents  is  one 
ot  great  complexity  but  of  vast  importance. 
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Tidal  actiou  baa  been  observed  in  nearly  every  part  of  tlie  Arctic 
regions  tbitt  lian  been  visited  by  man,  but  probably  from  a  want  of 
aym^lironotis  observations  we  have  yet  niach  to  learii  in  tbts  respet't. 

A  more  complete  kuowled^  of  the  nature,  character,  and  size  of  the 
icebergs  and  ice  fields  met  in  varioaa  parts  of  the  polar  regions,  together 
with  other  };lactal  observations,  would  also  be  of  exceptional  interest 
Nor  must  we  omit  from  the  resulte  that  are  likely  to  accrue  to  Rcience 
by  continued  exploration  in  the  Arctic  regions  those  connected  n-ith 
terrestrial  magnetism  and  spectnim  analysis,  to  say  nothing  of  the 
importance  of  obtaining  pendalom  and  aororal  observations  in  liigli 
latitudes.  Kach  and  all  of  these  are  matters  of  the  highest  conseqaence 
and  deserving;  of  further  investigation,  and  these  investigations  can 
only  he  carried  out  by  competent  observers  on  the  spot 

I  trust  I  have  said  enoagh  lo  show  the  value  and  importance  of  far- 
ther exploration  in  the  ice-clod  regions  of  the  north.    I  have  endeav- 
ore<l  to  show  as  briefly  as  is  compatible  with  the  importance  of  tbe 
subject  our  knowledge  of  the  norUi  polar  regions  up  to  the  threshold 
that  bounds  what  I  may  designate  the  terra  incognita  of  the  JTortbern 
Hemisphere,  and  I  have  also  attempted  to  point  out  the  best  means  by 
which  successful  exploration  in  the  unknown  regions  can  be  carried  oat 
I  wonld  wish  especially  to  lay  stress  on  the  fact  that  any  advance  into 
the  undiscoveretl  region  must  be  regarded  as  a  success,  quite  independ- 
ent of  the  attainment  of  any  |>osition  in  near  proximity  to  the  pole. 
Then'lore  the  route  that  is  likely  to  lead  to  the  discovery  of  the  great- 
est extent  of  the  unknown  region,  whether  to  the  north,  east,  or  west, 
is  the  one  that  should  be  followed  in  future  exploration.     If  evoy 
nation  that  is  represented  at  this  congress — and  I  think  the  whole  civ- 
iV\i.>sl  world  i.1  represented — were  to  unite  in  their  endeavors  todisiKitch 
exjHMitious  to  explore  the  hidden  mysteries  of  tbe  polar  basin,  Prance 
htkiiii'  nun  >tM-ii.iii.  rlii>  iTiiitH)  States  another.  (.>ermany  a  third,  (ireat 
il.  and  Norway  others,  then  I  am  ponfi- 
lai^  blank  spa<.>e  on  our  globe  having 
ill  W  as  well  known  and  as  accurately 
I  i»i»rts  of  the  worW.    Tbwe  is  plenty  of 
>■  of  rtmni  for  evvry  nation  iu  this  great 
oration.    The  £eal.  energy,  and  enthnsi- 
.le«1  us  have  alre^y  ac^aired  for  as  a 
thala<vutnry  ago  weiv  as  narb  a  sealed 
;,ir  lv»snis  :»rv  at  the  pn«vnt  day,    Surely 
lit  not  to  hoM  Iviek  where  *>tbers  in  the 
IS  ih"»  in  this  ^^>;;i^vss  us*  oar  atmost 
»f  Ckv^'  m::::>'-  and  a  half  S4)Qan'  miles 
sur'.-o;:;-..ii:,:  tie  uortbem  asis  of  oar 
ti! :t;i;  t"e  d:s:vi:i.l,   of  eivn   ttoe  well- 
:«,'  >,-»::>r.\i  ;L;j;  tt^is  nxtgress.  at  any 


Dcillizedoy  Google 


THE  ANIMAL  A3  A  PRIME  MOVER.' 


By  R.  H.  Thtjeston. 


PART  I.— THE  HUMAN  ANIMAL  AS  A  VITAL  PRIME  MOVER  AND  A 
THOUGHT  MACHINE;  THE  ENERGETICS  OF  THE  VITAL  MACHINE;  ITS 
TRANSFOEMATI0N8. 

The  vital  engine,  the  body  of  every  vertebrate  animal — from  the 
fanmau  ruler  of  all,  down  to  tbe  lowest  organiBm  having  a  cartilagi- 
nous frame — is  to-day  well  recognized  as,  Id  tlie  engineer's  classiflca- 
tioi),  a  ''prime  motor,"  in  which  the  latent  forces  and  energies  of  a 
combustible  "food,"  of  a  fuel,  as  many  Happose  it,  are  evolved,  trans- 
ferred, aad  transformed  to  perforin  the  work  of  the  organism  itself,  to 
supply  beat  to  keep  it  at  the  tempenitnre  necessary  for  the  efBcient 
operation  of  the  macfaine,  and  for  the  performance  of  external  work. 
The  value  of<the  machine  as  »  prime  mover  is  dependent  upon  the  rela- 
tion between  this  external  work,  so  far  as  it  can  be  applied  to  uaefnl 
pnriwsea  as  labor,  and  the  costs  of  its  production  in  fuel  or  energy 
supply,  and  in  wear  and  tear  and  replacement,  precisely  as  with  any 
other  machine  of  the  class,  whether  the  sonrre  of  power  be  chemical, 
thermal,  electrical,  or  vital. 

The  work  of  the  machine  is,  however,  a  very  different  quality  and  in 
vastly  different  in  quantity,  useful  work  being  compared  wilh  supplied 
energy,  and  incidental  expenditures  from  that  of  any  other  known 
motor.  In  the  water  wheels  and  windmills,  the  office  of  the  motor  is 
simply  that  of  transfer  of  energy  of  flowing  cnrreuts  of  fluid,  of  water 
or  of  air,  and  without  transformation,  to  mechanism  suitable  for  givini;: 
it  nsefiil  application.  The  heat  engines  develop  energy  previoni^ly 
'^latent,"  potential,  as  the  modern  nomenclature  would  call  it,  into  the 
kinetic  form  of  thermal  motion,  and,  by  transformation,  so  far  iis  may 
be  practicable,  into  the  dynamic  form,  miike  it  available  for  work. 
Electro- dynamic  machinery  similarly  makes  available  by  transforma- 
tion the  energy  of  the  electric  current,  and  none  of  these  machines 
has  any  other  fttuction  than  that  of  making  useful  some  one  energy 
previously  stored  by  the  operations  of  nature  in  such  form  as  to  be 
readily  applied  to  his  purposes  by  the  baud  of  luan. 

'  i>om  the  Journal  of  the  Frauklin  Institute,  Vol.  CXXXIX,  Nob.  829  to  KM,  .Imi- 
ouy,  Februoff,  aod  Marcli,  ItSUS.  _,  , 
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The  vital  uiu^hjue,  oo  the  other  hand,  has  purposes  and  performs 
offices  of  esaentially  different  kinds,  it  miiBt  not  only  transform  thu 
latent  energies  of  the  supplies  received  by  it  into  uaefbl  external  work, 
bat  all  its  work  being  directed  toward  the  anstenance  and  preaervatinn 
of  the  coutaiued  soul,  as  its  principal  and  always  essential  purpose,  all 
its  operations  being  automatic  or  self-directed,  all  its  powers  of  trans- 
formation  of  energy  are  demanded  for  the  prodaction,  by  transforma- 
tion, presnmabiy,  of  (1)  the  vital  forces  and  energies;  (2)  the  physical 
energies  demiiuded  in  constructing,  rebuilding,  and  operating  the  ani- 
mal frame;  (3)  the  e^tternal  work  required  to  furnish  the  body  supplies, 
to  protect  it  from  decay  or  injury,  and  to  minister  to  the  physical 
wants  and  ethical  requirements  of  the  personality  of  which  it  in.  at 
once  the  home  and  the  vehicle. 

This  curions  prime  mover  is  thus  an  apparatus  which,  from  familiar 
sources  of  energy,  transfers  and  transforms,  for  its  own  pnrposes  and 
applications,  a  variety  of  energies,  jterforming  a  variety  of  work  in 
various  realms.  The  nature  and  composition  of  the  sources  of  latent 
energy,  always  chemical  compounds  capable  of  oxidation,  are  well 
known;  the  character  and  method  of  many  of  the  internal  as  well  as 
of  the  esterual  expenditures  of  energy  are  equally  well  understood: 
bat  there  are  a  variety  and  considerable  number  of  internal  operations, 
involving  transformations  of  energy,  the  nature  and  method  of  which 
are  entirely  beyond  observation  by  any  process  of  experimentation  yet 
devised. 

■'Food"  is  taken  into  the  body,  enters  into  solution  with  the  peptic 
tluids,  elaborated  f^om  previously  supplied  nutriment,  is  absorbed  into 
the  circulation,  and  disappears  from  our  sight  and  reach;  heat,  carbon- 
dioxide,  vapor  of  water,  various  salts,  and  a  considerable  proportion  of 
unutilized  nutriment  are  rejected  from  the  system,  and  work  is  i>er- 
formed  as  the  product  of  transformed  energies  and  in  large  amount, 
both  within  the  machine  and  upon  external  bodies.  A  chain  of  energy 
transformations  is  in  continaous  operation,  of  which  we  see  the  two 
ends,  so  far  as  the  vital  machine  is  concerned,  bat  of  which  we  only 
get  occasional  glimpses  betweeu  the  extremities,  and  some  of  the  links 
of  which  are,  as  yet,  undiscovered  and  unknown.  It  is  certain  that  the 
series  of  changes,  material  and  kinetic,  involves  familiar  methods  of 
transformation,  and  it  is  hardly  less  certain  that  singular  and  probably 
wonderful  and  unknown  processes  of  energy  development  aud  transfor- 
mation are  concealed  within  this  miracle  among  machines. 

Possibly  a  study  of  the  present  state  of  scientific  research  relative  tfl 
this  machine  may  give  at  least  some  idea  of  the  importance  and  com- 
plexity of  the  problems  here  placed  before  the  man  of  science  and  the 
engineer,  if  not  give  a  clew  to  their  final  solution. 

The  source  of  power  in  the  animal  machine  is  invariably  the  stored 

chemical  energy  of  vegetation,  the  potential  energy  of  the  hydrocarbous 

'^er  compounds  contained  in  all  plants,  and  capable  of  uniting 
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vitb  oxjfceu  to  form  citrbouic  acid,  water,  and  salte  napablv  of  solution 
in  water,  it  is  possible,  but  perhaps  not  probable,  tbat  other  snb- 
Htances  and  energies  formiug  constitaeuts  of  these  conipouuds  may 
exist,  baving  eluded  the  investigating  chemist  and  physicist;  bat  this 
is  tboQgbt  unlikely.  We  probably  know  precisely  what  enters  the 
animal  prime  motor,  and  what  are  the  sources  of  all  its  energies.  Food 
and  air  are  the  two  known  elements  of  all  its  powers.  It  is  also  pos- 
sible, but  probably  not  the  i^t,  that  this  machine  may  drink  in  from  the 
surromidingetber  some  portion  of  itsenergyin  forms  still  undetected  and 
unsuspected.  We  are  com|ielled,  for  the  present,  certainly,  to  assume 
tbat  all  the  energies  developed  and  applied  in  the  vital  machine  are 
initially  latent  in  vegetable  matt«r,  air,  and  water.  This  organic  sub- 
stance is  derived  by  the  carnivorons  animals  indirectly  through  the 
other  creatures,  all  of  which  live  upon  vegetation  directly.  The  organic 
forces  of  plant  life  derive  all  energy  ftom  tbe  inorganic  world  of  min- 
erals and  from  the  gases  of  tbe  atmospbere  by  utilizing  the  primary 
energy  of  solar  rays  in  the  chlorophyll  with  which  every  leaf  la  provided, 
as  the  active  agent  in  tbat  transformation.  The  vital  machine  thns 
ultimately  derives  all  its  energies  f^m  tbe  sun. 

Food  is  the  material  in  which  are  stored  the  substances  supplied  to 
the  vital  machine  as  the  reservoir  of  the  potential  energy  from  which 
the  required  energies,  in  various  active  forms,  may  be  derived,  as 
demanded,  to  perform  tbe  work  of  the  body  and  tbe  mind.  It  consists 
of  a  mixtnre  of  edible  and  other  matter,  the  former  being  that  part 
from  which  energy  is  derivable ;  the  latter  being  indigestible  and  unas- 
simtlable  and  only  usefiil  in  promoting,  by  mechanical  irritation,  tbe 
action  of  tbe  digestive  system. 

All  foods  contain : 

Water — required  for  solution  of  nutrients. 

STutrients — protein,  fats,  carbohydrates. 

Innntrient  matter. 

Protein  consists  of  the  albuminoids,  and,  in  vegetable  matter,  the 
amides,  a  less  valuable  portion  of  the  food.  Tbe  white  of  egg,  the 
fibrine  of  meat,  and  the  gluten  of  wheat  are  illustrations  of  albuminoid 
compositions. 

Fats,  such  as  those  of  meat,  and  the  greases  of  v^etation,  tlie  oils 
of  tbe  animal  and  vegetable  compounds  extractable  by  ether  consti- 
tute the  basis  of  constraction  of  the  fats  of  tbe  body  and  of  a  part  of 
tbe  nerve  and  brain  substance. 

Carbohydrates  are  tbe  starches  and  sugars  of  tbe  vegetable. 

Salts  are  found  in  both  animal  and  vegetable  foods,  and  are  in  some 
cases  essential  elements  of  the  compositions  making  up  the  body,  thougb 
not,  in  the  ordinary  sense,  digestible  and  nutrient. 

Mineral  rtmtters  constitute,  in  the  case  of  the  vegetable  foods,  tbe 
principal  portion  of  tbe  innutrient  matter  of  food,  and  form  the  ash 
when  tbe  plant  is  burned.    In  some  cases  these  mineral  matters  serve 
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an  rtininlants  of  digeative  sod  otbo-  physiolc^cal  processes,  even  when 
not  themnelvefl  in  aoyd^ree  digestible,  aud  are.  for  that  reason,  essen- 
tial cxiDStltaeDtii  of  food.  It  is  for  thitf  reason  largely  that  vegetable 
fooilit  are  iiidispetisable  to  perfect  actioD  of  the  faiictions  aud  to  bodily 
and  mental  health.  The  vegetable  food  also,  especially  the  fruits  and 
grainn,  contain  the  required  elements  of  all  the  compositions  of  the 
animal  system  in  best  proportion  aud  best  arranged  for  atilizatioo  by 
man  and  all  other  except  the  purely  caniivoroas  animals.  Coald  the 
whole  animal  be  ased  as  food,  inctoding  blood  and  nerve  and  bone  and 
brain,  animal  foo<l  would  be  sabstaotially  correct  in  composition;  but 
it  woald  still  la<rk  the  stimalatiDg  property  of  the  other  class  of  f<K>da 
which  comes  of  the  presence  of  the  mineral  and  indigestible  elements. 
The  uaeg  offnod  are  mainly  two:  (1)  Tosapply  material  for  the  bnitd- 
iiig  ap  and  the  repair  and  maintenance  of  the  tissues  of  the  body.  (3) 
To  famish  the  energies  required  in  the  operation  of  the  animal  machine 
in  tlieir  varions  forms  and  in  due  pro)N>rtion. 

The  first  is  the  direct  application  of  a  portion  of  the  food.  The  sec- 
ond dis[>osition  of  the  elements  of  the  food  and  their  potential  energy 
may  be  direct,  as  probably  in  the  use  of  the  fats,  the  combostiou  of 
which  bo  carbon -dioxide  and  water  results  in  the  production  of  imme- 
diately available  energy;  or  it  may  be  indirect,  as  where  the  carbohy- 
drates are  first  digested  and,  later,  consumed  in  similar  manner  to  the 
fat«;  or,  still  more  indirectly,  as  where  the  protein  becomes  first  a  part 
of  the  Heah  or  of  the  nervous  system  and,  later,  broken  down  in  the 
course  of  tlie  work  of  the  body,  serves  as  fuel  or  otherwise  in  tlie  pro- 
duction of  heat  or  other  energy  by  its  oxidation. 

Trotein  forms  tissue — muscular,  nervous,  aud  other.     Fats  form  a  part 
of  the  uervoiis  tisRue,  aud  carbohydrates  are  converted  by  the  digest- 
ive orftaiis  into  fata,  aud  then  serve  the  same  purposes.     Both  the  latter 
coiniinunds  aerve  aa  fuel  or  energy- storing  reservoirs,  contain  aquantity 
of  potential  energy,  which  is  sooner  or  later  drawn  upon  in  the  develop- 
ment of  the  various  energies  utilized  in  the  njrerations  of  the  body  and 
tlir  bruin.     It  i«  usually  assumed  that  the  energy  demanded  is  that  of 
thermal  molecular  motion,  nnd  that  the  value  nf  the  foods  may  be  meas- 
ured by  their  caloriHc  content  or  potential  thermal  energy.     Until  it  is 
are  employed  in  tlie  nnmeroas  and  varied 
iture,  and  to  what  extent  they  are  severally 
I  energy  of  the  varions  ibods  and  transform- 
inul  especially  from  or  into  thermal  energy, 
viaed  than  that  which  assumes  the  value  of 
il  in  imitivtion  of  nature's  known  proper- 
I'u,  Iruit  of  palatable  character,  and  grains 
I'll  to  their  calorific  measure.     Pure  carbon 
liowi^vor,  are  not  foods  in  a  proper  sense,  as 
"'to  mnscle,  nerve,  or  bone,  and  only  aen-e 
"■'*'  '■'"■  '"^  l>y  a  bo<ly  composed  of  protein 
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largely,  and  of  other  essential  matter  in  less  proportion.  On  the  otber 
liand,  the  mascle  and  Derve  and  bone-makiug  conBtitueots  alone  serve 
to  build  up  the  machine,  hut  not  to  operate  it.  Ultimately,  however,  it 
ia  supposed  that  the  stored  energy  of  the  latter  class  of  compositions 
become  available,  and  thus  both,  the  original  proportions  being  correct, 
may  have  a  kind  of  measure  of  value  in  that  of  their  fiiel  constituents. 
For  highest  efficiency,  the  proportions  of  the  constituents  must  be  suit- 
able for  tbe  individual  case,  and  availability  by  digestion  and  assimila- 
tion, and  in  the  provocation  of  all  essential  vital  processes,  is  qnite  as 
essential  as  either  of  the  otber  required  qualities  of  the  food. 

The  protein  comjiounds  are  all  nitrogenous,  whether  in  the  form  of 
aJbumen,  fibrin,  casein,  or  gluten.  These  compounds  are  fairly  uni- 
forla  in  valne.  The  carbohydrates  differ  greatly  among  themselves  in 
this  respect.  The  fats  are  substantially  of  equal  value  as  measured  by 
thermal  contents,  but  differ  in  palatableness  and  digestibility,  and  thus 
in  food  value.  Neither  the  carbohydrates  nor  the  fats  contain  nitrogen, 
and  they  are  simply  useful  in  furnishing  a  supply  of  heat  or  otber 
energy.  One  unit  weight  of  carbon  and  one  of  protein  yield  snbstau- 
tjttlly  equal  quantities  of  energy — about  14,600  British  thermal  units,  or 
1,860  calories  per  unit  weight.  Its  energy  is  sufficient  to  raise  2,850 
tons  one  foot  high.  The  same  weight  of  carbohydrate  has  usually  very 
nearly  the  same  force  value.  A  similar  weight  of  fat  should  have  OU 
per  cent  more  stored  energy — about  4,700  foot-tons.  A  pound  of  corn 
meal  should  supply  a  qnaotity  of  energy  equal  to  two-thir<ls  that  of  an 
equal  weight  of  carbon — about  2,080  foot-tous,  1,360  calories. 

The  food  consumed  daily  by  a  powerful  workiiigman  contains,  on  the 
average,  abont  3^  ounces  of  protein,  6  ounces  of  fat,  and  14  ounces  of 
carbohydrates,  according  to  Professor  Woods.  Its  energy  measures 
sensibly  the  same  as  that  of  2^  pounds  of  com  meal.  Its  protein  and 
fats  come  largely  firom  tbe  flesh  food  contained  in  the  daily  ration. 
The  carbobydrates  come  entirely  from  the  vegetable  constituents. 
Another  illustrative  example  of  a  ration  given  by  the  same  authority 
measures  3.8  ounces  of  protein,  6  ounces  of  fat,  15  ounces  of  carbo- 
bydrates. The  energy  stored  iu  the  food  thus  taken  measured  5,400 
foot-tons,  or  3,530  calories.  A  standard  ration  for  swine  contains  about 
7/iOO  foot-tons,  4,900  calories,  per  100  pounds  weight.  That  for  cows 
measures  4,600  foot-tons,  3,00V  calories,  approximately,  per  100  pounds 
weight.  The  ration  for  sheep  measures  5,900  foot-tons  and  3,550 
calories  per  100  pounds. 

Food-energy  trana/ormati&n  is  the  office  of  the  vital  machine.  The 
Gsh  c»n  traverse  the  water  all  day;  the  bird  can  tly  through  the  air  all 
>lay;  man  and  the  animals  on  land  can  walk  all  day;  and  it  is  evident 
that,  as  suggested  by  Pettigrew,  their  tasks  must  be  not  very  for  differ- 
out  in  magnitude.  All  exert  powers  approximately  proportional  to  the 
volame  of  the  seasoned  working  musttles  employed  i  n  these  tasks,  which, 
according  to  various  authors,  is  not  far  from  about  the  etiuivtUent  in 
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work  of  one  atmoBphere,  15  pounds  per  sqnare  inch  of  s«ctioD  nf  fiber, 
risiDg  to  somuwbat  higher  figures;  but  all  are  very  moderate  iateosi- 
ties  as  compared  with  those  adopted  in  macbinery  and  in  proportion  to 
weights  developing  them.  None  can  therefore  find  in  peculiar  tenaci- 
ties or  intensities  of  action  of  working  parta  a  means  of  attaining 
i-uniarkable  power,  even  in  the  case  of  the  bird,  which  was  formerly 
supposed  to  enormously  exoel  all  other  creatures  in  its  conceutratiou 
of  power  in  mass  and  mnacie.  We  seem  thus  reduced  to  the  study  of 
the  methwls  of  transformation  of  energy  of  the  foods.  The  fact  that 
venous  blood  is  warmer  than  arterial,  though  very  slightly,  is  another 
evidence  that  the  transformations  of  matter,  as  well  as  of  energy,  in 
tbese  processes  occur  iu  tbe  muscular  system;  and  the  path  into  which 
investigation  must  be  turned  would  seem  to  be  fairly  well  located. 

I>r,  Car|>enter  was,  perhaps,  the  first  to  elaborate  fiitly  and  clearly 
tbe  idea  tbat  tbe  germ  of  tbe  organism  is  not  tbe  concentrated  essence 
and  energy  of  the  organism  and  all  its  progeny,  but  tbat  it  is  rather 
t-oustituted  as  '*  a  directive  agency,  thos  rather  representing  the  con- 
trol e-Terfised  by  the  saperinteudent  builder,  who  is  charged  with  the 
working  oat  of  the  design  of  tbe  architect,  than  tbe  bodily  force  of 
the  workmen  who  labor  under  bis  guidance  in  the  construction  of  tbe 
fi»bric"  The  actual  coustractive  force,  he  thinks — as  we  now  can  see, 
verj-  possibly,  wrongly— is  heat.' 

It  mity  uow  be  taken  as  certain  that,  as  Dr.  Carpenter  asserted  in 

I.S.10,  "in  some  way  or  other  treeh  organizing  force  is  constantly  being 

supplied  tnmi  without"  during  the  whole  period  of  activity  of  the  vital 

maohiue,  whirh  oontJoue^  by  inheritaQce  to  transmit  tbe   power  of 

of  direction  of  this  absorbed  energy, 

hoflt  the  liiie  of  the  whole  line  of  its 

lers  have  long  ago  prepared  tbe  way 
tion  tbat  the  oi^sos  of  the  animal 
Itnte  an  apparatus  fitted  to  simply 
lit  in  tbe  food  and  awakened  by  the 
ig«stion.  aRsimilation.  and  nutrition. 
leU  in  the  form  of  beat,  mechaoical 
I  iaiiiio  Brodie  found  that  tlie  act  of 

I  the  t«4npermtore  of  tbe  body,  and 

II  was  eit^^ntia)  to  tbe  normal  devel- 
id  the  chemical  cbaoges  greater  in 
d  a  Ijirgrr  fuxtportioo  of  waste,  due  to 

M>-.;iUYi(n  hnmk  af  the  Jpkidf  a  gem 
^g  Mmdnm  viiick  woald  aBtoont  (it  hM 
!>«■  Knlk  nf  :,\\,»«t..,w  «f  Moot  mm  mnu 
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the  breakdown  of  tissae,  to  be  produced.  Beclard  found  tbe  quaDtity 
of  heat  developed  by  volantary  mascalar  contraction  greater  when 
simply  an  effort  is  produced,  as  when  grasping  an  object  firmly,  than 
when  doing  work,  as  by  lifting  the  object.  Matteucci  found  that 
DiDBcles  absorb  oxygen  and  throw  off  carbon-dioxide  when  doing  work, 
and  in  larger  amount  as  more  work  is  performed. 

Ur.  Flint,  after  a  very  beautiful  iuvestigatiou  of  tbe  conditions  of  tbe 
iDUBcalar  system  and  tbe  changes  of  tissue  in  the  case  of  the  pedes- 
trian Weston  aft«r  a  five-days'  walk,  as  well  as  throughont  equal 
periods  during  and  before  the  tremendous  effort  which  carried  him  over 
117.5  miles  at  tbe  mean  rate  of  over  4  miles  per  hour  of  actual  travel, 
concluded  that  "  work  is  always  attended  with  destruction  of  muscular 
substance;"  "the  direct  source  of  muscular  power  is  to  be  looked  for 
iu  the  muscle  iteelf."  He  thinks  that  the  muscular  tissue  "can  not  be 
absolutely  stationary,  and  disassimilation  must  go  on  to  »  certain 
extent  even  if  no  work  is  done.  This  loss  most  be  repaired  by  food  to 
maintain  life."  That  this  is  ordinarily,  or  at  least  may  be,  a  very  small 
proportion  of  the  energy  effect  is  evident  from  tbe  welt-known  condi- 
tions of  hibernation  and  by  the  fact  that  Dr.  Tanner  and  others  have 
fsHted  for  40  days  and  more  with  no  great  apparent  loss  of  vital  and 
essential  strength,  and  seemingly  at  only  the  cost  of  accumolated  fat 
disposed  of  as  a  saperflnity,  previously,  in  the  spaces  between  tbe 
muscles.  In  the  case  of  severe  labor,  as  where  a  pedestrian  continntilly 
exerted  all  his  powers  for  days  togetlier,  Flint  has  proven  clearly  that 
large  quantities  of  muscular  tissue  are  broken  down.' 

The  proportion  of  uitrogenized  or  muscle-making  food  to  nonnitro- 
genized,  in  tbe  walk  here  referred  to,  was,  as  measnred  in  units  of 
energy,  about  as  5,700,000  foot-pounds  to  39,000,000,  or  about  IH  per 
cent;  which  figure  will  be  recognized  later  as  corroborated  by  other 
and  independent  methods  of  examination  of  this  subject.  Tbe  total 
absorbed  energy  would  thus  be  about  11,000,000  foot-pounds  per  day, 
plus  that  derived  by  the  breaking  down  of  tissue  to  the  extent  of  the 
total  value  of  abont  3,600,000  foot- pounds,  700,000  per  day;  that  is  to 
say,  II  ,700,000  foot-pounds  of  energy  were  supplied  tbe  system  per  day, 
when  doing  an  extraordinarily  large  amount  of  work,  both  externally 
and  internally.'  But  Weston  is  a  small  man.  an<l  probably  10  per  cent 
should  be  added  to  make  these  figures  comparable  with  those  elsewhere 
given  as  the  average  for  a  workiugman,  10,000,000  foot-poonds.  This 
gives  a  total  of  over  12,000,000  foot-pounds,  or  20  per  cent  above  the  esti- 
mate«1  figure  to  be  later  computed  for  the  average  regular  day's  work. 
The  food  taken  averaged  about  20  ounces,  a  pound  and  a  quarter,  but 
was  somewhat  concentrated,  and  stimulating  in  more  than  ordinary 
degree, 

'  llie  Sflarce  of  mnKuUr  power.     New  York :  D.  Appleton  &.  Co.     1878. 

-The  vital  macbioe  coDaistB  of  about  40  per  cpiit  miiacle,  of  which  a  half  is  water. 
1^.5  per  cent  blooil,  2  per  unnt  brain,  and  tbe  rem»ln(l«r  ii  skeleton  uvA  internal 
orgaiu. 
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As  remarked  by  Professor  Foster,'  "from  mauy  oonsi derations  it  is 
extremely  (irobable  that  a  chemical  change — an  explouive  deuompoei- 
tion  of  more  complex  into  more  simple  sabstsucee — i»  the  basis  of  a 
oerrous  impolKe.''  Tbe  energy  ttins  developed  is  largely  in  this  case 
employed  in  cuuvejiug  t)ie  impulse  along  the  nerve  and  in  setting  np 
muponlar  or  mental  evolutions  and  applications  of  energy  at  its 
extremity. 

The  introdnction  of  cheinioal  actions  in  the  prodnetiou  of  solution  of 
the  available  constituents  of  the  food  is  one  of  the  essential  elements 
of  the  extraonlinarily  perfect  utilization  of  all  its  snbstance,  of  its 
complete  di^^estion,  entire  absorption,  and  tborongh  assimilation.  Only 
from  a  st^te  of  solution  conid  complete  absorption  or  precipitation  take 
place.  Pood  nndergoes  "profound  disruption*' before  it  can  liecomea 
part  of  the  body  or  Ornish  it  energy.  '-  It  would  almost  seem  that  the 
qualities  of  ei»ch  particle  of  living  protoplasm  were  of  such  an  iodi- 
vidoal  charitcter  that  it  had  to  be  built  up  afresh  from  almost  tbe  very 
beginning."  - 

The  presence  of  considerable  quantities  of  phosphorus,  especially  in 
the  nervous  system  of  the  animal,  indicates  that  chemical  actions  may 
lie  very  rapid,  and  possibly  may  especially  indicate  the  resultant  pro- 
duction of  peculiar  material  and  nonmaterial  output,  as  the  electric 
current  of  the  gymnotns,  if  not  all  animals,  light  in  the  firefly,  the  vital 
forces  of  all  vital  machines.  The  presence  of  water  in  large  quantity 
point^<  the  same  way. 
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Ml  effect  upou  our  moods,  our  powers,  and  our  ability  to  perform  mental 
even  more  than  maoual  work  ia  a  daily  observation  witli  every  one; 
and  tbe  suggestion  hnseven  been  madetbat  the  selection  of  no  triments 
may  be  made  to  produce  effects  of  economic  importance  in  botb  direc- 
tions— in  making  tbe  Imman  as  well  as  the  lower  order  of  machine 
better  as  a  motor,  better  as  an  intelligent  worker,  and  even  better  as 
a  thinker  and  as  a  moral  creature,  which  lines  of  improvement  are  all 
essential  to  I'urtber  progress  in  either  direction.  So  far  as  both  experi- 
meDt  and  general  observation  have  gone,  at  present,  it  may  safely  be 
stated  there  can  be  no  question  that  tlie  value,  the  power,  tbe  eflieieucy 
and  durability  of  the  mechanical  anil  of  tbe  mental  side  of  tbe  vital 
apparatus  are  both  inHnenced  essentially  by  the  nature  of  tbe  material 
selected  as  the  reservoir  of  potential  energy,  te  be  rendered  kinetic 
and  to  be  applieil  to  useful  purposes  by  it. 

As  nidicated  by  Dr.  Carpenter,  in  the  middle  of  the  nineteenth  <'en- 
tnry,  it  would  seem  now  certain  that  "motor  force  may  be  developed, 
like  heat,  by  the  metamorphosis  of  constituents  of  food  which  are  not 
GoQTerTed  into  living  tissue;"  while  there  ia  alsonudonbt  that,  in  many 
cases  at  least,  the  disintegration  of  tissue  which  has  completed  its 
[Kriod  of  service  in  the  organism  may,  precisely  as  does  the  digestion 
the  supply  of  potential  energy  to 

nd  other  operations.     As  tbe  same 

s  Ktated  it : 

Higher  animals  consists  essentially 
ious  kinds,  of  which  the  organism 
s  are  develoi>ed  by  the  retrograde 
wunds  generated  by  the  instrumeu- 

B  animal,  the  organism  is  restoring 
rials  and  the  forces  which  it  draws 
4toration  is  completed,  as  iu  plants, 
bstance. 

dicitly,  by  Liebig,  we  find  that  the 
ies,  in  man  and  animals,  are  to  be 
le  plants  out  of  mineral  substances 
\  rays,  which  energy,  becoming  thus 
apparatus  and  directed  into  usofnl 
animal  machine,  and  doing  all  its 
I,  vital,  mentsil. 

ito  the  rilal  machine,  is,  in  any  iiidi- 
t  differs  greally  with  the  s])ecies, 
lal  Hud  internal,  of  the  animal,  and 
.s  apparatus  of  dige.>4tion  and  assim- 
nan  will  live  and  enjoy  life  and  do 
of  good  fowl  per  day,  another  will 
id,  in  some  iiiNlances,  in  which  dis- 
powers,  as  much  as  7  jtonuds  have 
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been  (IcmaQiled  aud  still  proved  iosaBicieut  to  supply  the  needed  total 
energy  of  the  system.  For  a  bealtby  aud  hard-workiug  man,  Dr.  Pavy 
gives  2  poauds  of  bread  and  0.75  pound  of  meat  as  a  fair  ration  for  a 
day.'  Molescbott  gives  a  total  of  46  ouoces  or  about  23  ounceti  iu  a  dry 
state,  aud  60  to  80  ounces  of  water  in  twenty-four  bours.  Toit  gives  .~>00 
to  800  grams,  or  about  17  to  27  ounces  of  nutrient  matter  in  the  food 
taken  ;^  atid,  on  the  same  basis,  eliminating  wastes,  the  principal  inves- 
tigators give  about  550  grams,  Dearly  20  ounceB,as  an  average.  Edward 
Atkinson  gives  from  2  to  2.75  pounds  per  day  of  common  foods  as  diet^ 
aries  on  which  life  can  be  sustained  aud  ordinary  work  done  without 
strain ;  but  he  allows  4  pounds  for  what  may  be  termed  "  good  living,^' 
Mnchof  the  food  included  in  the  billof  fare  of  (be  well- to-do  citi/.en  has 
no  real  value  in  nutrition;  some  of  it  is  actually  and  often  seriously 
detrimental,  and  some,  ])ossibly  a  large  proportion,  is  simply  superdni^ 
and  waste. 

The  food  of  a  working  man  contains  about  15  per  cent  nitrogenous 
matter;  that  of  a  young  child  20  per  cent.  Milk  contains  25  per  cent, 
micombined  water,  as  in  the  preceding  cases,  eliminated.  Eighty-five 
per  vent  of  the  food  of  the  man  is  thus  applicable  to  work,  and  15  per 
cent  to  muscle  making.  Three-fourths  of  the  child's  fond  is  suitable 
for  work  and  production  of  fat;  one-fourth  for  making  muscle.  An 
egg  contains  11  per  cent  fat,  17.6  per  cent  albumen,  and  1.5  mineral 
matter;  or  dry,  37  per  cent  fat,  58  per  cent  albumen,  and  5  per  cent 
minerals;  i.  e,,  apparently  nitrogenous  matter  constituted  about  O.ft 
the  total  weight  of  the  body.  A  large  fraction  of  the  foiHl  is  thus 
required  for  work  and  heat,  a  small  proportion  for  building  up  the 
machine,  or  for  its  repair. 

Wheat  is  usually  considered  the  most  ^rarfectly  compounded  of  the 
grains  adapted  for  the  food  of  man.  It  contains,  according  to  Scammel, 
14.6  per  cent  mnsclemaking  elements,  6G.4  per  cent  heat-producing 
material,  1.6  per  cent  nerve  and  brain  food,  and  17.4  water  and  waste. 
Untmeal  contains,  respectively,  IT,  60.8,  3  and  30.5  per  cent  of  these 
elements.  The  meatscontain  20. 14,2  and  64  per  cent.  Fish  require  little 
heat,  obviously,  and  as  food  contain  20percentmuscle-makiugmatertal, 
1  per  cent  fat,  5  per  cent  brain  and  nerve  food,  and  74  t>er  cent  water 
and  wivste.  Oysters  contain  two-thirds  na  much  solid  matter  of  sub- 
stantially the  same  composition.  On  the  whole,  4  times  as  much  energy 
is  supplied  in  good  food  for  heat  aaA  work  as  for  muscle  repair  and  40 
times  as  niucli  as  for  brain  and  nerve. 

Frankland  finds  the  energy  per  pound  of  common  foods  to  range 
from  2,000  or  3.000  British  thermal  units  in  the  case  of  the  lean  meats, 
to  about  7,000  with  the  grains  and  their  flours,  and  to  over  15,000  in  the 
case  of  the  solid  fats.    The  underground  vegetables,  which  can  hardly  be 

'  Treatise  on  FoodB. 

'Mott'B  MuDiial. 

-'ThuTStou's  "Anluinl  us  n  primo  iiu 


Google 


THE   ANIUAL   A»   A   PBIME   MOVER.  307 

called  foods,  sucb  aa  potatoes,  carrots  and  tarnipB,  uontuin  three- fourths 
to  s«veQ-eigbth8  tbeir  weight  vat^r,  aud  otily  snpply  from  800  to  1.800 
British  thermal  units  of  energy.  In  foot-pounds  of  dytiamiv  power,  the 
Sgnres  are  600,000  to  1,400,000  for  the  last-mentioned  suhstances, 
1,500.000  or  2,300,000  for  the  lean  meats,  5,000,000  to  6,000,000  for  the 
grain  foods,  and  12,000,000  for  the  fats  per  pound  of  uiitriuient  digested. 
ThiK  comparison,  however,  gives  no  clew  to  their  vnlue  as  foods  and  as 
nutriment  of  the  vital  machine,  since  it  is  known  that  the  lieat-produc- 
iog  viilae  is  but  a  part  of  the  question,  :iud  that  the  power  of  assimi- 
lating the  elements  of  the  body  and  of  producing  muscle,  nerve,  brain 
and  bone  is  oo  less  essentiiil  to  the  miiintenance  of  the  efficiency  of  the 
machine  than  the  production  of  thermal  or  other  equivalent  energies. 
The  grains  have  donble  the  value  of  the  meats  as  brain  and  nerve 
foods,  and  the  coarse  vegetables  one-fourth  the  value  of  tlie  grains  in 
this  respect.  Butter  and  lard,  the  best  heat  pro<lucer8,  have  no  value 
at  all  as  muscle  and  nerve  material.' 

Voit  and  others  give  the  correct  proportion  of  these  elements  in  good 
food  aa  about  120  grams  prot«in,  50  grams  of  fats,  550  grams  of  carbo- 
hydrates, a  total  of  say,  700  grams,  about  23  ounces  per  day,  as  the 
requirement  of  a  man  doing  a  day's  work  at  muscular  labor.  This 
provides  not  far  from  3,000  calories  of  thermal  energy  by  oxidation. 
Voit  gives  a  total  recjiiired  energy  In  thermal  units  of  from  3,000  to 
3,300  calories,  Playfair  from  3,000  to  3,700,  and  Atwater  from  2,820 
to  4,OG0  calories;  or,  collecting  all  the  best  authorities,  we  may  say  that 
3,000  calories,  about  12,000  British  thermal  units,  may  be  tiikeu  as 
representiitive  of  tlie  demand  of  the  machine  for  energy  when  doing 
little  external  work,  and  4,000  cii lories,  about  16,000  British  thermal 
units,  when  performing  a  hard  day's  work  every  day.  This  means  the 
equivalent  of  1  ponnd  of  ordinary  coal  for  the  first,  and  an  equal 
weight  of  the  best  coal  for  the  second  case,  burned  completely  and  with, 
com<ec|uent1y,  maximum  production  of  thermal  energy  and  dynamic 
power.  One  pound  of  fairly  good  coal,  say,  about  13,000  British  thermal 
units  of  energy,  may  be  assumed  as  ample  for  the  production  of  all  the 
work  aud  power,  and  all  the  active  phenomena,  internal  as  well  us 
external,  of  the  bamau  machine,  when  doing  a  full  day's  work. 

Tliis  is  10,000,000  foot-pounds,  nearly,  of  energy  supplied. 

So  far  as  now  known,  this  food  supply  and  the  oxygen  required  for 
its  complete  combuatiun,  with  some  nitrogen  and  a  niinnte  quantity  of 
mineral  matter,  constitute  the  total  intake  of  the  auitniil  machine, 
except  that  a  quart  of  water,  more  or  less,  is  needed  to  dilute  tlio  cir- 
culating fluids  of  the  system.  The  next  qnestiou  for  our  examination 
is:  What  amonuts  of  energy  are  expended  aud  utilized  in  the  various 
processes  of  the  operation,  of  maintenance  and  repair,  and  of  perform- 
ance of  external  work,  useful  and  nseless,  in  an  average  day,  with  its 
usual  distribution  of  working  time  and  rest? 


'  ScammFl.     Ibid.,  pagu  T- 
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Th4^  rffiRieiMrr  of  the  animal,  cmadsml  am  4  mudune.  in  now  vdl 
niMl^r^toort  to  be  (l«p«tideiiC.  in  a  targe  auewmuK.  &r  any  givHi  indi 
vidnftt.  npon  ttt«t  cbaraortKr  of  die  nutsxial  in  vfairli  the  ^rtond  energy 
impphM  it  im  p>r«A«it««L  It  ia  coming  ca  Iw  muiKncamL  aiiH>.  that  tlw 
Hiinn'',  in  tme  of  tlie  vital  prinw  nutver.  ooaaidmgd  jw  ;k  thoo^rlit  pro- 
(Inrfn-.  ft  in  wf"!!  known,  also,  tluu  this  in  an  imptniaoi:  djiOMiit  in  tbe 
fnffiiitf7i»nmf>f  that  iilf^  ittikte. "  p«rftet  tutmitk."  Bi  wUiuli  w«  may 
n)'iirf>ximat«,  hat  n«Tcr  abm>Intel7  T«H-iu  and  Cite  aiifwoximatioa  to 
«hi(')i  mMMorMt  approximatioa  b>  taTiiiinin  o^aeaef  anileT  otlMTwtae 
riFOfll,  ffivornble  [lOAHible  coDditiofu.  Fran  tkis  poinc  <if  view  it  i;i  tnt«r- 
«M)[if(  til  ntndf  th«  rollowing  ntmnnuy  uf  che  diMrnbndon  t>t'  oatritive 
nri()  '(f  tieftt  pro<lDciRK  eleaaenu  in  Che  bt>^  tli«&nes»  according  to 
iM-<'p|it<>d  nntJioritiefl,  that  bare  b«Kn  jvt  prapwetL  The  nothents, 
Mpf  iiitrofcniiooH  ni»tt«Tit.  are  claased  at»  inclmliag  Che  mnticle  of  meats, 
llift  ctiM'iii  cr  miih,  tbe  ginten  of  |;rauui;  wliile  the  &kt»  and  cvbo- 
li.Tdifttf-R  firn  t-aken  as  pnrel;  heat  pnMioeing. and  the  fi>lli>«TDg  diagram 
mid  t(i)>if  f>,  fnim  tlie  report  of  1899  of  tbe  Elmin  Befbrmstmy.  gives 
(liH  lient  cmideiiM-d  view  of  the  data  reqoired  Chat  the  writer  has  yet 

Thf  nUfnilnrd  tlietary  for  man  is  nsnallr  giTcn  as  not  ^r  &>n  a  weight 
»r  7(H>  grnmx,  "f  wliit'b  aboat  64>  per  cent  is  genoallj  starefay  bod,  3) 
per  cent  riitf*,  mid  the  retnainder  nitrogeoovs:  tbe  poCottial  energy 
Htdi'i'd  in  iilHiiit  difiT'O  caltirles,'  Bat  while  tbe  aetnal  dietaries  are  com- 
Kiiitilv  liirgcly  ediiilHised  of  animal  food,  it  ahoold  be  at  all  times  rem«n- 
tii'icii  lltiit.  Ilie  t«ft(hliigs  of  comparative  anatomy  and  of  general 
c^iimIi'Mcp.  n<i  far  an  ttarofiit  observation  informs  a&  indieate  that  the 
vi'^I'IjiIiIc  Hliir<tii<'i*  and  futxaiid  proteins  are  oiore  Eoitable  for  tbe  animal 
tiihtic  iimlfir,  mid  nveri  ntill  more  to  the  tboaght  machine  than  the 

(■(IKlh'IMMP"  flUMlB.' 

II  nlll  III-  imtHl  Unit  tlic  lower  limit  of  supply  ranges  close  apoo  400 

I'liiitin  "  I'llll  i-itl"i)<'i*i  KflMX)  Hrltinh  thermal  naits  fw  little  or  no  labor; 
IIkiI  Iu  Mill  till'  riiitii  <H)ll  ((rama,  3,000  calories,  1:^,000  British  thermal 
iHiU'i  ln(  llif  «"tMiiK'ii"*"i  while  double  these  figares  may  be  reached. 
li.„rl>iHih  of  thfl  Kew  York  State  Befomuturi-.  at  Elmira, 
ilii«i  \  laliilM'r  Hh illHtlnKtiiBhed and enocenfal snpprintendent, « 
i,r  I  III'  liilKiitiirHHonicenandof  the  maQtuliildll  and  tbe  taste 
i<h>l<i>  I'^'i'i'ili'ilt'y  VAlnable  and  interesting  accounts  of  the 
hIiim  <>i«I  liiiil<"»'h<M>li  there  so  froitfnlly  operated. 
MiMi'iM  II  nlll  I"'  Niidli'lently  M'cnrate  to  take  the  gram  as  one- 
,  >■  iiMil  I  III'  'sloi '"  ""  ^"'"'  "^(^"h  thermal  nnita. 
•  '}  lilir  lii'iMuoKi  "  l''riilti(ml  bread:  aecieatific diet;"  Holbrook's 
I  i,i.  ,||,.ti  iMili'iiH  |>n]>"r'<  of  The  Anthropological  Institate  of 

l.rii  •!(  I'   11  ■'■ >"•  Nspier.  and  the  address  of  Dr.  I>euis  at 

I  iiiiiiiio"  •''  Uillii'<>|iiili>Ky>  "f  Wfi;  which  papers  and  vitriooa 
<  iiiKiiiit  (iii«l1l»ii  'biiw  tliK  Influence  of  tbe  character  of  the 
\i  I  iiil  HiiiMilli'il  ll"'  vltiil  miKino  upon  its  power  and  efflcieucr 
MiKi.iiMiKi  lit  lilni'Mi-  "iii'i'Ky  derivt^  from  tbe  original  store  of 
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Oil  account  of  noavoidable  waste,  exact  standards  can  not  be  adopted 
in  a  practical  ideal  dietary,  and  it  is  nDiversally  deemed  iiei^essary  to 
establish,  beside  an  exact  standard,  an  actnal  practical  standard  diet- 
ary, with  somewhat  increased  allowance.  The  first  table  fiimisbes  a 
comparison  of  certain  daily  dietaries  compnted  principally  by  Pto£ 

L-STANDAKD  AND  ACTUAL 
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W,  O.  Atwater,  and  bearing  upon  people  in  various  parts  of  the  globe — 
together  with  linea  indicating  the  theoretical  standard  dietary  adopted 
in  the  Reformatory.  The  second  table  offers  a  comparison  between 
this  exact  standard  and  the  actual  dietary  as  provided  hi~tlu^[er- ' 
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pstabliiibea  at  Klmira,  and  in  contraat,  other  standards  establiBhed 
liy  Playfitii-  aail  Voit  for  adnlts  iu  geaeral,  aod  for  inmates  of  penal 
iiiHtitutions. 

n.— ISBAI,  AND  ACTUAI,  PRKAL  D 


;n    400    (00    SDO   HHD   1711 


Nulnents.  Orams 

Potential  Eneny.  Caionc 

RefbrniBtory  Staodaid  Dmil;  Radoo.  .  . 
Actual  OppCT  Pint  Ctwle  DleUiy  .... 
Actual  Lower  Pint  Grade  Dietary  .... 
Actual  Second  Grade  Dietary 

Playrair'a  Standard  for  adulta.  moderate  i 

Voil-t  SUndald  for  prlsonen  In  idleneu 
Volt'«  Standard  Tor  prisonera  at  work  .  . 

Exnct  fif^iirf^s  Rorrespomliiif^  t/>  Mieae  lines  are  presented  herewith: 

III,— ANALVSKS  OF  KNEBCV  STOBAGR. 


)  I  rroiPin.  I  r»u.    ,,j,j„^_  r'aloriai, 

Kafrac(ar;iiiaDiliird(li>-tiiryaBily  ration' lia  :        ei  :  SS«          S,3M 

Actual  upper  flnleradeTBtiou 107  ;        7.1  !  tlD          4,«W    ; 

Actual  lowr^rHratgraileritloD IH  »  '  791  |      4, bit 

AclunI  aeooncl-erade  ration IM  '        «»  j  TTfl  i      4.451    : 

Plajfalr'aalandanl  for  adults,  ni«l«ntee»r-  j  j  |  | 

cl«o 119  I        M  1  SSI  ]      3.H0 

V'ult'a  Blaudard  fur  laboring  men  atmodenlo  i  , 

work lis  5<  '  SOD          3,  WO 

VDil'aBtandanlft.TpHaonen>lnltlleDHi> !  B5  3D  .  300          l.BST 

Volt'mtaDdardriirprliionpraatwDrk 1  lOS  40  500          3  HS3    , 

■AUfoodaupplleiiaro  iHsnecl  ai:conling1o  tfal«  itandard  dietary,  euaft  bread ;  wblcli  U  unllmlte'- 
Tlioavvragsvouaumptlau  of  lirrad  per  man  [■■ouiEwliatluexccu  of  one  nndnne-balfrall.ini  per  uoaL 
Ibuii  account  lug  fur  Ihe  iurri-B-e  in  value  nf  tl>e  aetual  ration  uv,t  thatof  llie  standard  dielalf. 
u'liicli  raurornK  very  iieuly  In  food  valuer  to  t)ie  aUndarda  afVoil  and  Playfalr. 

An  excess  above  000  grrams,  3,000  calories,  12,000  Britisli  thermal 
units,  may  probably  be  taken  aa  representing  wiiste  in  most  cases;  it 
i'  "ceptional.    Deficiency  is  aa  probably  indicated  where  the 

than  two-thirds  this  figure. 

y  of  energy  supplied,  where  tlin  meth(Ml  and  material  of 
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supply  are  suitable,  may  thus  rauge  between  8,000  aiid  12,000  British 
thermal  units,  from  6,700,000  to  10,000,000  foot-pounda  per  day. 
yew  York  State  Re/omalory  dietary. 
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^Vnr  York  Slalt  Ile/onnaUirg  iii«Earji — Continned. 
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The  energy  expended  hy  tbe  vital  aiacluiK  coasisU  of: 

(1)  The  external  work  peifomeiL  as  tbe  task  of  tbe  «<wfciitpKAa. 

(^)  The  external  work  performed  incideotallr  ootdidv  of  iu<  asti^ 
work,  as  iu  tbe  aioveiaeiita  of  tbe  liBl»!v.TalkJ[Lp.  bai.«il::.e  tie  E»id. 
aod  various  voloDtary  aod  other  mockna,  vtiii-b  tottfzim:*  a  m:  •>;<>r- 
able  fl*actioa  of  tbe  mom  or  less  n«cc8Wiy  eipvadilarv  "f  ec^-rey  ia 
wa;»  not  included  in  tlie  ilaily  speeified  task. 

(3)  The  internal  work  of  digestioD, aanmilaiiofi.  Dntri:^>:_  m.*'.  n-r^ 
tion  of  excreta. 

(1)  Tbe  internal  work  of  respiratiiMi. 

(5)  The  internal  work  of  ciicnlstjon  of  tbe  Uood  autl  iLeo^Lcr  -:;•!« 
of  the  Bystem. 

(6)  Tbe  internal  work  of  growtb.  aiainleaaDce,  nttM.-tratzjr.^  *ed 
repair. 

(7)  The  internal  work  of  the  aotomatic  lywtf  repnlati^ig  tbe  (hs^- 
tiong  and  moTemeotB  of  tbe  Tarioos  organs,  both  external  aul  i- »**-■*: 

(S)  The  internal  work  of  eonscioiu  direction  of  tbe  BoresM^:*  of 
hody  and  limbs,  and,  in  some  eases.  nX  intcnaJ  orgarj.  and.  to  -mt 
extent,  of  the  work  of  respiration  and  of  dmilatioti. 

(9)  The  internal  work  of  tbe  brain,  sod  posi^iblj  of  olber  orga&<^  .a 
the  performance  of  conscious  tboogbt  and  t^  brain  work,  s  Uf  ze  ;iArt 
of  which  is  essential  to  the  proper  perfonnaiire  of  tbe  owf::!  w-.rk  'if 
the  vital  prime  motor,  and  in  tbeeaoe  of  tbe  mvn  «h<«e  i]':*i«^  are 
those,  distinctively,  of  tbe  thinker,  a  largre  part  of  wbitrb  iii&<t  h>r  ntnl 
as  Qseful  and  prescribed  work,  determining  tbe  effieieoey  of  x'l*-  nacrLlDe. 

(10)  Pecoliarand  characteristic  fonnsof  energy  whit-b  are  tbe  -f#n.u 
produce  of  some  organism  or  class  of  oi^anism*.  ai>d  not  *rrf*ri.\ij.\  «>- 
ments  of  its  operation  as  a  vital  machine,  bol  vb:<-fa  are  empl-vMl 
occasionally  as  the  special  provocation  to  wbicb  they  rtnja>i.':  t^m^^ 
into  action. 

Such  is  the  internal  work  last  mentioned — thai  of  l(.e  hr^lu — «  hf-re 
it  isuot  theusefalprodactof  themaebine;  mth  i-iiiei-r.ergyei^v^'ij 
in  the  production  of  the  poison  of  tbe  serpent,  tli<r  ^^tfX.'iii  of  i-f.'-ti 
Bively  odorous  flnids  in  many  animals  and,  perhafM.  the  li<>n«-T  yivl:.*: 
iiig  glands  of  the  bee  maybe  tiins  clasKcd.  The  nM»t  retu^rka-.tf-.ai-^l. 
in  this  connection  most  important,  iDtiKtrationii  'if  thi<(  c^.^*.  are  i'i-i:.4 
iu  the  generation  and  use  of  tbe  electric  fluid  b\-  the  tifri^"  an'l  -^yta 
notus  and  the  production  of  light  by  tbe  glowworm  ar.il  h.'^-ry. 

Hibernating  animals  exhibit  a  peculiar  modification  of  tiif  a«t><>:i  of 
the  vital  functions;  their  wbole  purpose,  during  hibeni^::i>ri.  Ixfii.s  to 
insure  of  the  continuance  of  the  physical  operation^*  of  cir<-nUt;»n  i>ii<l 
respiration  by  tbe  employment  of  tbe  previoufly  ^tor^l  funTny  of  tin; 
accumulated  fat  of  the  body.  Very  little  tiiiKue  i*  «ast«->]  or  rfjKiircl. 
and  tbe  wbole  system  is  simply  pre^rved  in  a'-tion  tbrooKb  a  [*erio<l  of 
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temporary  su8j>eiise  of  the  life  of  tlie  creature.  Tliat  this  may  be 
done  by  tlie  euiploymeot  of  pure  hydrocarbons  indicates  that  only 
euergy  aud  cot  material  is  required,  for  no  iiitrogeiiouti  alimeot  is 
absorbed  or  assimilated. 

The  measare  of  these  various  quantities  of  energy,  UMful  and  wastetl, 
necessary  or  incidental  to  the  purpose  of  the  existence  of  a  machine 
or  its  application  to  nsefulworkjis,  in  the  case  of  the  external  useful  work 
of  a  laboring  man  or  animal,  easily  and  at-unrately  made;  but  all  the 
other  items  are  very  difficult,  and  usually,  at  present,  at  least,  impos- 
sible of  more  than  approximate  meaenrement,  even  if  any  clue  can  be 
obtained  at  all  to  their  methods  of  at-tion  or  their  absolute  and  relative 
quantities.  We  have  not  yet  discovered  the  nature  of  tlie  primary 
methods  of  transformation  of  the  energies  imported,  as  latent,  into  the 
system,  or  even  what  energies  are  active  in  the  production  of  the  work 
of  the  brain  and  nervous  systems  and  in  the  automatic  operation  of 
the  machine.  We  know  enough,  however,  to  prove  that  the  animal 
machine  is  a  motor  of  very  high  efficiency  as  compared  with  the  prime 
movers  devised  by  man  (his  thermodynamic  engines,  at  least),  aud  to 
indicate,  if  not  to  prove,  that  the  machine  is  a  thermo-electric,  chemico- 
dynaniic,  electro-dynamic,  or  cbemico- electric  apparatus,  or  else  a  prime 
mover  in  which  some  unknown  form  of  energy,  acting  by  as  yet  nndis- 
covere^l  methods,  is  transformed  more  economically  than  in  any  oise 
familiar  to  the  man  of  science  or  the  engineer  of  our  time. 

The  power  of  animal  nuuhines  varies  greatly  with  the  race  aud  work. 
Investigations  of  the  quantity  of  work  per  pound  of  the  animal  ma- 
chine have  been  made  by  the  students  of  aviation,  which  throw  some 
light^upon  the  problem  in  hand.'  Thus  Dr.  Smith  measured  the  lifting 
IK)wer  of  a  pigeon,  as  registerett'by  a  dynamometer,  aud  computed  its 
expenditure  at  160  tbot-pounds  per  pound  of  bird,  or  about  200  ponnds 
weight  of  bird  per  horsepower.  Alexander  comitates  270  foot-pounds 
per  pound,  120  pounds  weight  per  horsepower.  Penaud  finds  the  fol- 
lowing, which  are  thought  to  be  more  exact  figures: " 

liawpoRvr. 
Feacoi'k S»i 

Sparrow 4tl 

•Seapie .,,  .,. 21! 

Were  the  weight  of  the  pectoral  muscles,  which  aetually  perform  all 
this  work,  made  the  basis  of  these  calculations,  these  figures  would 
range  from  1.'}  to  about  5  pounds  only  per  horsepower,  thus  giving  the 
limiting  weight  of  motor  machine.  The  actual  work  of  rising  in  the  last 
cases  is  greater  by  the  amount  of  slip  in  the  wings,  and  the  bird  com- 
puted to  give  CO  ])ounds  per  horsepower  is  more  nearly  20  pounds,  and 
the  last  given  figure  becomes  more  nearly  5  to  2  pounds  than  13  to  5. 
^n  full  flight,  the  demand  for  power  is  much  reduced,  aud  becomes 


'  ProetBBs  in  Flying  M&cbiuea.     O.  Chai 
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probably  500  foot-poniids  per  ponnd,  or  at  the  rate  of  0.015  horaepoTer 
per  ponnd,  66  i>oDtids  of  bird  [>er  horsepower.  This  flying  machine  is 
proportioned  to  give  the  higher  power  at  Htarting;  the  lower  in  steady 
worl'.ing.  Their  emergency  performance  is  thos  probably  three  or  four 
times  the  average  for  the  day's  work.  This  is  also  a  fact  illustrated  in 
common  experience  ivith  men,  who,  developing  one-eighth  of  a  liorse- 
jiover  for  an  average  day's  work,  can  exert  a  half  horsepower  for  two 
or  three  minntes,  a  full  horsepower  for  a  few  seconds.  The  aggregate 
power  of  the  machine  varies  from  an  indefinitely  small  quantity  with 
the  .smaller  creatures  to  140  horaejtower,  as  estimated  for  the  whale 
Hwimming  10  knots  |)er  hour. 

The  heart  is,  perhaps,  the  most  imwcrfnl  and  endnring  of  all  the 
luoscolai'  structures  of  the  syst«m.  Helmholtz  has  computed  that  this 
organ  can,  on  the  average,  raise  its  weight  at  the  rat«  of  6,670  meters 
per  honr.  He  found  that  the  locomotive,  climbing  heavy  gradients,  in 
the  ca.ses  investigated  by  him,  at  that  time,  conld  rise  800  meters  in  the 
faoar,  unloaded.  He  therefore  concluded  that  the  heart,  considered 
as  a  machine,  was  eight  times  as  effective  as  the  locomotive.  Presum- 
ing that  his  locomotive  had  an  efficiency  of  10  per  cent,  this  wonld 
make  the  heart,  were  it  self  contained  and  a  prime  motor,  exhibit  an 
efficiency  of  energy-couversion  of  about  80  |>er  cent.  This  supposition 
is,  however,  by  no  means  correcL 

Fick  cKtimates  the  efficiency  of  energy  transformation  in  the  uHcfal 
work  of  the  mnscle  at  one-third  to  oite-qnarter,  the  remainder  of  the 
total  energy  8applie<l  being  conHnmed  in  internal  work  and  wasted 
directly  or  indirectly  as  heaL' 

Chauvean  i>oints  oat  the  fact  that  the  efficiency  of  the  muscle  varies 
enormously  with  time  and  method  of  contraction  and  extension  and 
magnitude  of  loa^l.  In  the  case  of  the  muscles  of  the  automatic — the 
vital — system  as  those  of  the  heart  and  lungs  and  digestive  organs,  it 
is  probable  that  the  conditions  are  those  of  constant  maximnm 
efficiency,  and  tlie  figure  attained  wonld  seem,  from  other  considera- 
tions, to  be  likely  to  be  found  comparatively  targe,  and,  for  the  machine 
as  an  energy  transformer,  immeosely  greater  than  is  ever  attained  in 
Donvital  motors  of  the  thermodynamic  class.  The  energy  transforma- 
tion is  presumably  never  thermodynamic,  but  is,  directly  or  in()ire<:tly, 
dynamo- thermic,  and  the  heat  of  the  muscular  system  is  a  product,  not 
a  source,  of  nsefnl  work,  and  an  excretion,  not  a  food.' 

It  has  been  seen  that  the  food  required  by  the  averse  workingman 
contains  about  12,000  British  thermal  units  of  energy  when  resting  or 
doing  little  work,  and  about  16,000  when  at  hard  work.  It  would  thus 
appear  that  the  work  of  the  laborer,  for  which  he  is  paid,  represt^nts 
about  23  per  cent  of  all  the  energy  expended  by  the  vital  machine  in 
external  and  internal  work,  beat-producing  and  wastes.    This  means 

tieb«r  die  Wiimie«iitwiclUiiUK,  iXJX. 
!,  page  233. 
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tbat  it  performs  one-fifth  of  a  liorseiwwer  of  commercially  vataable 
labor,  and,  assuming  all  work  concentrated  into  the  wiirkingday,  three- 
fiftbs  of  one  horseitower,  mainly,  in  tlie  work  of  the  orgauisni  itself. 

A  rfffly's  icork,  even  for  the  average  workman  of  fnll  working  power, 
varies  greatly  with  the  nature  of  the  work  and  the  metho<l  and  facilities 
of  its  performance^  and  the  same  is  trne  of  the  horse  and  all  other 
animals,  but  usually  in  less  degree.  The  most  powerful  horses  may  be 
expected  to  develop,  as  an  average,  two-thirds  of  a  horseimwer  for 
eight  hours  a  day,  or  12,000,000  footpounds  per  day,  very  nearly, 
under  favorable  circumstauces.  The  work  of  a  man  is  variously  given 
by  different  writers,  but  it  is  usually  stated  to  be  not  far,  at  best,  from 
2,000,000  foot-pounds  per  day  in  the  treadmill,  ascending  mountains 
and  stairways  when  his  own  weight  is  the  useful  load,  and  carrying 
burdens  on  a  level.  Weisbach  gives  as  maximum  figures  1,93;>,3C0, 
Kaukine  gives  2,088,000,  while  Buhlniau  states  the  work  of  a  Prussian 
soldier,  carrying  a  knapsack  and  other  aocouterments  weighing  a  total 
of  61  pounds,  as  about  3,000,000  footpounds.  We  may  safely  take 
2,000,000  foot-pounds  per  day  as  a  figure  to  be  compared  with  the 
10,000,000  foot-pounds  of  energy  supplied,  and  as  giving  a  fair  maxi< 
mum  for  the  elBciency  of  the  animal  considered  us  a  prime  motor.'  It 
is  0.125  horsepower  for  eight  hours,  0.04  for  the  day. 

The  efficiency  of  the  animal  machine  as  an  apparatus  for  the  [>er- 
formance  simply  of  external  work  is  on  the  basis  here  taken, 

E  =  2,000,000  ;  10,000,000  =  0.20, 
20  per  cent.    This  happens  to  be  Just  the  efBcieucyof  tbebesf  reconled 
steam-engine  performance  to  date. 

The  efficiency  of  the  rital  machine  conaiilererl  as  a  motor  is  high. 
Haller,  about  1840,  had  applied  the  then  new  principles  of  thermody- 
namics to  the  action  of  the  vital  elements  of  the  system,  and  bad 
8Ugget<ted  that  the  heat  of  the  body  was  at  least  in  part  due  to  the 
frictiou  of  the  circulation.  Joule  found  by  experiment  that  the  passage 
of  fiuids  through  tubec^  gave  rise  to  heat,  and  gave  the  con-eet  explaua- 
tion  as  early  as  1843.  lu  the  now  famous  pajier  of  Joule,  dated  1S4C,' 
be  concludes: 

The  duty  of  a  Daniell  battery,  per  grain  of  zinc,  is  80  pounds  raised  1 
foot  high — about  one-half  the  theoretical  duty — i.  e.,  its  efiicieiicy  is 
about  0.50. 

The  duty  of  a  Cornish  engine,  per  grain  of  c^al,  is  143  pounds  raised 
1  foot  high,  ao  efticiency  of  0.10. 

The  duty  of  a  horse,  per  grain  of  food,  is  143  ix>nnds  raised  1  foot  high, 
"which  is  one-quarter  the  energy  due  its  combustion,"  an  efficiency  of 
0.25. 

'The  Animal  aa  a  Prime  Motor.     R.  H.  Thurston,  Heition  IT,  page  50;  aertioD  IK, 
page  53. 
^PhlloRopliical  Magaxhii),  1H4U.     Meiii»ir  of  Joule,  by  Oaborae  Re;iioId,  IVSn^  paKe 
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Joule  tliiu),at  the  middle  of  the  century,  had  found  the  animal,  taken 
att  a  prime  mover,  to  be  two  and  a  half  times  as  efficient  as  the  best 
engines  of  his  day,  one  and  a  qaarter  times  as  efficient  as  the  best 
engiaes  of  oar  day,  the  close  of  the  nineteenth  century. 

This  figure  is  corroborated  by  mauy  independent  exi>eriments  and 
compntatioiiB.  Joule,  as  above,  pat  the  work  of  horse  and  man  at  about 
one-fourth,  sometimes  as  low  aa  one-sixth,  the  dynamic  equivalent  of 
the  food  supply.  Hirn  fouud  substantially  the  same  figure  as  is  above 
deduced  by  measuring  the  work  and  the  exhalations  of  carbon -dioxide 
and  of  moistare  by  his  inclosed  treadmill  oi>eratorH.  Helniholtz 
deduced  20  per  cent,  also,  from  the  same  experiments.  Joufret 
takes  the  work  of  the  man  at  280,000  kilogram  meters  and  obtains  21 
per  cent,  by  the  day,  rising  to  37  per  cent,  short  intervals  and  actual 
expenditures  of  energy  and  proportional  supply  being  taken. 

We  may  thus,  without  much  doubt,  conclude : 

The  efficiency  of  the  animal  uiachiue,  assuming  that  only  external, 
Bo-calied  useful  work  is  reckoned  us  the  product,  and  the  full  dynamic 
eqnivaleot  of  the  energy  latent  in  the  food  supply  being  taken  as  unity, 
is  about  20  per  cent.'  Hirn's  experiments  with  his  iuelosed  treadmill 
gave  efficiencies  from  17  to  25  per  cent,  the  lowest  being  given  by  "  a 
lymphatic  youth  of  eighteen,"  the  highest  by  a  strong  laborer  of  the 
age  of  forty-seven.  The  average  is  precisely  that  computed  by  the 
method  pursued  above.' 

Our  computation,  however,  should  be  checked  by  the  introduction 
of  the  quantity  of  rejected,  unassimilated  food,  if  we  are  to  learn  the 
real  maximum  possible  efficiency  of  the  animal  machine  motor. 

The  factor  of  digestibility  is  probably  with  the  animal  machine, 
human  or  other,  when  in  good  health  aod  iionoHl,  between  75  and  90 
per  cent,  averaging  not  far  Jroni  SO  or  85  with  the  customary  healthful 
foods.  With  domestic  animals  Professor  Woods  duds  this  factor  to 
TAuge  all  tlie  way  from  about  50  to  approximately  90  iier  cent.^  This 
is  confirmed  by  many  other  investigators,  and  the  assumption  of  85 
l>ercent  ivsa  fair  maximum  is  prohablyperfectly  justifiable,  with  all  the 
familiar  forms  of  the  vital  machine  in  good  order. 

In  the  case  of  Weston,  the  pedestrian — studied  by  Dr.  Flint — the 
proportion  of  food  utilized  being  taken  as  measured  by  the  ratio  of 
nitrogen  absorbed  in  food  to  that  excreted  in  chemically  diflierent  com- 
binations, the  efficiency  of  nutrition,  the  -'factor  of  digestibility," in 
one  sense,  was,  when  quietly  training  without  excessive  exertion  and 
with  very  moderate  exercise,  and  as  au  average  for  five  days,  80.6  per 
ceiit.^  It  is  probable  that  a  good  digestion  and  assimilation  should  be 
expected  to  attain  an  efficiency  of  90  per  cent,  and  that  10  per  cent  of 

'  The  Aainiat  aa  a  Prime  Hotnr. 

'IbiA,  p.  43. 

'R^portti  of  C'onnec'lkiit  Agric-nlturul  Eniieriiuunl  .Stuliuii, 

'Hneciilar  I'uwer,  page  S4. 
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the  CwkL,  w  lew.  niielit  be  expected  to  be  vbollj  watted.  A'ery  nearly 
tbia  eOafeairy  voa  utitin*^  by  tbe  ittote  indiridiul  daring  li\'e  days  of 
mmjieratiou  after  a  fire  day*'  walk  oT  SIT^j  mOes. 

Tlie  faud  ol  the  boBian  jHime  mtotor  has  been  seen  to  yield  from 
about 2^jU"  calories.  10.<«»  British  tbenud  noits.  T.800.0<Htfoot-iH>iindt«, 
uearly.  vbeo  doing  tittle  or  no  work,  np  to  4.0IH)  calories,  ll>,UOO  Urit- 
iiih  tlienual  anils.  l'I,!jtmMJO  Tiot-poaDds.  nearly,  when  doing  a  raaxi- 
mutn  day's  work.  This  woald  se«n  to  indicate  that  the  interniil  work 
o(  brain,  nerves,  muscles,  and  other  organs  of  work  and  thought  and 
beat  production  most  be  about  three  times  the  total  external  work  of 
a  working  day,  and  this,  in  turn,  would  again  make  the  eflic-ieiicy  of 
the  vital  machine  one-tjoarter,  25  per  cent,  corresponding  once  more  to 
the  maximum  given  by  Uims's  direct  experiments. 

Ueviewing  what  has  been  thns  far  collated,  it  will  probablj  be 
admitted  that  the  following  may  be  taken  as  a  ^r  estimate  of  the 
efHciency  and  energy  distribution  of  the  average  representative  humso 
prime  motor,  attsuming  10,000,000  foot-poonds  supplied  and  S5  per  cent 
of  the  food  to  be  digested: 

Tht  animal  madime—UnripU  and  apeudilnreK—Egitiairiet. 


Toul  mwlpU  (foot-pounds) 
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Where  the  machine  is  a  tkoii{jht-macliiHf,  and  not  primarily  a  prime 
motor,  the  etBcieucy  may  bu  quite  tliU'erent,  as  will  be  seen  later. 

Tlie  wanted  energy  of  the  vital  machine,  when  considered  merely  as  ji 
work  producer  in  the  ordinary  sense  of  that  term,  consists  of  the 
varioua  internal  energies  expended  in  the  operation  of  the  machine, 
the  misapiilicd  mechanical  energy  of  the  tweuty-four  hours,  and  tlie 
beat  radiated  and  conducted  from  the  l>ody  and  exhaled  from  the  lutigK. 
(lould  all  these  wastes  be  suppressed,  the  efficiency  of  the  machine 
would  be  unity  as  a  prime  motor.  Precisely  what  are  these  energies 
and  tlii'ir  respective  amounts  is.  as  yet,  unknown;  their  aggregate  biW 
beiu  setMi  to  be  80  per  cent.  To  what  extent  either  or  all  may  be  siip- 
pri'BM'd,  as  our  knowledge  of  the  machine  enables  us  to  'employ  it  more 
and  more  intelligently,  no  one  can  yet  say,  except  tliat  it  is  known  that 
till'  hwst's  of  heat  from  the  exterior  of  the  body  may  be  kept  down  to  a 
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coin|>arstively  spiall  amount,  and,  if  necessary,  made  inhiute,  by  proi)erly 
clothiiig  it  ill  nonconducting  materials,  precisely  as  nature  clothes  tbe 
birds  and  the  other  wild  creatures.  If  the  suppression  of  this  loss 
results  in  corresponding  increase  in  energy-conversion,  in  useful  direc- 
tions, ttie  efficiency  of  the  machine  is  to  that  extent  exalted.  It  is 
lertain  that  some  loss  of  beat  externally  is  necessary  to  preserve  tbe 
activities  of  organs  of  tbe  l)ody,  by  giving  a  needed  difference  of  tem- 
lierature  between  tbe  surface  and  the  interior,  and  to  carry  away 
energy  in  its  final,  thermal  fonn;  and  niankiml  ban,  f^tm  the  begin- 
ning, sought  to  reduce  this  waste  by  covering  tbe  body  with  skins, 
woven  tissues,  and  other  forms  of  material  fitted  to  check  tbe  outHow. 

ITie  source  of  animal  warmth  ami  heat  energy  has  been  for  genera- 
tions tbe  subject  of  Btudy  and  experimental  research  by  the  best 
physicists  and  biologists.  According  to  Jamiu,  Messrs.  Halles  and 
Oigna  and  Black  and  Priestley  showed  tliat  the  products  of  respiration 
were  chemically  identical  with  those  of  combustion.  Lavoisier  con- 
firmed this  conclusion,  and  proved  tbat  the  oxygen  inhaled  was  not  all 
accounted  for  by  tbe  exhalation  of  carbon- dioxide,  but  a  balance  must 
be  Bougbt  in  the  production  of  water  by  union  with  hydrogen,  lie 
attributed  the  vital  functions  to  tbe  oxidation  occurring:  in  the  lungs, 
and  circulation  to  digestion  and  to  tbe  regulating  action  of  transjiira- 
tion.  Uegnault  and  Ileiset,  measuring  the  volumes  of  carbonic  acid 
produced,  found  tbat  tbe  larger  tbe  proportion  of  vegetable  food  the 
greater  the  amount  of  tbis  oxidation ;  while  the  combinaiion  of  oxygen 
directly  with  the'carbon  of  tbe  nutriment  sometimes  gave  an  item  in 
the  balance  of  the  account,  its  rejection  occurring  with  the  fluids  of  the 
system,  as  in  uric  acid,  this  projwrtion  being  the  greater  as  the  food 
was,  in  larger  part,  llesh.  They  found  a  small  amount  of  nitrogen 
parsing  off,  presumably  rejected  from  thedisintegrating  tissues.  Bous- 
singault  reached  tbe  same  conclusion  by  determining  the  quantities  of 
solid  anil  liquid  taken  into  the  body  and  rejected  from  it.  Lagrange, 
Spiillaii/.ani,  Kdwards,  and  Magnus  ascertained  tliat  the  oxidation 
occurs  in  the  circulation  and  the  capillaries.  Despret/.  and  Dulong 
found  the  heat  produced  by  the  vital  ap]>aratus  to  be  about  nine-tenths 
the  quantity  which  would  result  from  comjilete  oxidation,  in  equal 
amount,  in  tbe  air.' 

The  source  of  vital  and  muscular  energy  is  easily  identified,  and  it  is 
well  known  tbat  tbe  function  of  digestion  is  to  render  available  tbe 
potential  energy  of  the  foods  by  reducing  them  to  solution  in  linids 
iTa]Hible  of  eiisily  and  rapidly  and  completely  entering  the  constitution 
of  the  Idood,  to  be  distributed  to  points  in  the  system  at  which  their 
stoves  of  imtential  energy  may  be  made  available  in  kinetic  form.  Pre- 
cisely how  this  latter  o|)eration  of  trans  form  atiou  occurs  is  still  un- 
known; but  Olande  Bernard,  about  the  middle  of  tlie  century,  called 
attention  to  tbe  action  of  tbe  hepatic  system  in  the  production  of  glyco- 

'Au  iutvreatiug  vurroburution  of  rxoeut  niruanrea  of  the  coefficient  of  digestion. 
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genie  matter,  aud  later  investigation  has  shown  that  glyoosio  matter  is 
distributed  thronghoat  the  animal  system  from  the  liver  and  throagb 
the  circulatory  system  into  the  capillaries,  where  it  largely  disappeais 
aud  carbon  dioxide  comes  into  view.  It  is  now  well  anderatood  that 
the  oxidations  and  the  energy  transformations  essential  to  animal  life 
and  activities  occur  through  reactions  between  the  oxygen  iu  solution 
in  the  blood  of  the  arteries  and  the  combustible  elements  accompanying 
it,  which  chemical  operations  take  place  in  the  depths  of  the  tissue  cells, 
aud,  i)erhapB,  in  the  capillary  vessels.  It  isalso  now  admitted  that  the 
quantity  of  action  is  probably  proportional  to  the  loss  of  sugar  and  of 
oxygen,  and  to  carbonic  acid  replacing  the  lost  glycose  as  a  product  <>f 
its  oxidation,'  Since  these  chemical  combinations  are  invariably  low- 
teuiperature  combustions,  and  since  they  are  vastly  greater  in  ijaantity 
in  the  active  than  in  the  passive  muscle,  and  since  the  heat  ultimately 
derived  is  the  excretum  of  the  system  and  the  final  result  of  energy 
transformation,  it  may  fairly  be  concluded  that  an  intermediate  trans- 
tbrmation,  or  series  of  transformations,  as  yet  unidentilied,  either  «tuali- 
tatively  or  quantitatively,  conatitutea  the  physiological  method  of  pro- 
duction of  work.  Glycosic  substance  is  not  found  concentrated  in  any 
considerable  quantity  in  the  tissues,  except  in  the  liver,  the  orgau  in 
which  it  originates,  and  the  only  conclosion  would  seem  to  be  that 
glycogen esis  is  theoneextremity  of  achain  of  transformationx,  of  which 
beat  constitutes  the  other.  In  this  sense  the  hepatic  gland  is  the  Hoarei' 
of  muscular  power  as  well  as  of  animal  heat.  It  is  this  tact  which  makes 
the  flow  of  blood  to  the  working  part,  and  the  volume  of  its  channels, 
meiisures  of  the  energy  there  applied.'  The  weight  of  blood  flowing 
through  a  mnscle  at  work  was  fouud  by  Obauveau  and  Kanfmaiiii  to  be 
about  85  per  cent  of  the  weight  of  the  mnacle  itself,  each  minute  of 
working  time,  for  full  load.  Its  amount  varies  with  the  work  performed, 
external  and  internal.  Ttie  circulation,  with  the  muscle  in  repose,  was 
foniid  by  the  same  investigators  to  be  about  one-fifth  as  great  as  when 
full  work.    The  successiou  of  changes  is  thus,  probably,  as  follows: 

(1)  Potential  energy  in  foods  is  rendered  available  as  a  source  of 
kinetic  energy  by  change  of  the  I'oods  into  the  various  constituents  of 
the  bloo<l  by  chemical  action  and  the  expenditure  of  some  probably 
small  net  amount  of  chemical  energy. 

(2)  This  available  potential  energy  is  transferred  to  the  capillaries 
by  the  blood,  and  its  elements  are  selected  by  each  organ  for  its  own 
special  development  of  mechanical  work  or  of  other  and  active  energies. 

(3)  Chemical  combinations  take  place,  resulting  in  the  production  of 
active  forms  of  energy,  applicable  to  the  special  work  of  the  organ,  ss 
mechanical  work  in  the  muscle,  chemical  action  of  characteristic  kinds 
in  the  glands,  nerve  power  in  the  nervous  system,  and  tbe  accessories 
of  thought  in  the  brain. 

■  Seu  Chaiivean  and  Kanfmonn.    Comptc's  reDdus,  T.  ClII,  1886. 
'ChAUVean  and  Kaufmann,     Compt««  reDdus,  T.  CIV,  1887. 
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(i)  The  iDtemal  energies,  though  useful,  objective  forms,  eacb  beiof 
utilized  iu  the  performauce  of  its  special  work,  are  subject  to  a  final 
trunsformatioii,  and  are  at  last  converted  iuto  heat  and  passed  outward, 
to  be  excreted  by  the  skin  and  the  lungs. 

The  latest  researches  indicate  very  positively  that  the  production  of 
heat  iu  the  vital  prime  uiover  is  i)'trtly  due  to  nutrition  and  tissue 
repair,  or  rather  its  breaking  down,  aud  not  all  uecessarily  derived 
from  the  simple  and  direct  oxidation  of  the  combustible  matter  of  food. 
It  is  evea  uncertain  whether  the  potential  energy  of  food  considered  as 
a  fuel  and  of  its  combustion  in  air  is  to  be  taken  as  i>reci.sely  measuring 
its  energy  available  for  the  work  of  the  vital  machine.  Chauveau  con- 
siders the  glycogenic  product  of  the  liver  distributed  to  the  tissues  the 
source  of  all  mechanical  and  thermal  energy.  The  sonnd  animal 
machine  can  work  vigorously  about  eight  hours  a  day;  the  remaining 
sixteen  hours  are  devoted  to  lepair,  reconstruction,  and  energy  storage. 
Eight  hours  each  day,  one-third  of  life,  is  giveu  esi>ecially  to  the  repara- 
tion of  the  brain  aud  mental  powers. 

I>r.  Edward  Smith  has  shown,  by  experiment  upon  himself,  that  the 
inspiration  of  air  and  the  production  of  carbon  dioxide  may  vary  in  the 
I>roportion  of  1  to  10,  accordiugly  as  the  individual  lies  sleeping  or 
actively  exerts  himself  in  the  treadmill  or  iu  running  at  top  speed,  the 
exhalutiooB  of  COi  ranging  from  5.5  grains  to  45  grains  per  miuate.' 
The  ijuautity  becomes,  for  the  given  case,  6  grains  when  standing, 
30  when  walking,  aud  25  or  3U  when  walking  rapidly.  The  variation 
seems  to  be  approximately,  in  Smith's  tables,  as  the  square  root  of 
the  si^xd  of  the  pedestrian.  Since  the  total  work  of  the  machine 
must  vary  as  the  velocity  of  overcoming  a  fixed  resistance,  as  the 
cabe  of  velocity  where  the  resistance  increases  with  the  speed  square, 
as  is  here  presumably  the  fact,  it  would  seem  from  these  facts  that 
the  interior  resistance  must  be  a  rapidly  increasing  proportion  of 
the  total  work  performed,  internally  and  externally,  a  deduction  which 
JH  confirmed  by  constant  and  familiar  experience.  The  experiments  of 
the  same  investigator,  however,  seem  to  prove  the  variation  of  the 
exhalations  when  at  rest,  directly  with  the  difference  between  the  exter- 
nal and  the  internal  temperatures;  which,  if  corroborated  fully,  would 
indicate  the  heat  of  oxidation  in  the  body  to  be  ordinarUy  employed 
principally  in  the  maintenance  of  its  warmth  at  the  standard  iraint. 
This  makes  it  advisable  to  ascertain  more  exactly  what  energy  is  meas- 
ured by  the  chemical  actions  resulting  iu  the  production  of  other 
rejected  compounds,  solid  and  liquid,  and  to  learn,  if  possible,  whether 
chemical  action  in  one  case  produces  the  demanded  tliermal  energy 
and  iu  others  the  required  chemical  or  other  motive  energy. 

These  various  deductions  indicate  that  one-tenth  or  thereabouts  of 
the  energy  of  oxidation  in  the  tissues  of  the  body  and  in  its  capillaries 
finally  produces  work  of  various  kinds;   that  niue-teuths  pusses  as 

FooiU.    lutcrnntioDul  Seriiw.    New  York :  D.  Appletou  ifc  Qo. 
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heat;  tbut  thv  efficieaey  of  energT'  coarwsion  U  thus  10  per  cent.  On 
tbe  other  hui<).  the  iat't  tliut  extera^U  ««H'k  alone  gives  traoafonnatioii 
uf  'M  per  cent  ahowd  that  both  internal  aod  external  work  most  find 
nlcimale  ctHi version  iuii>  heat  frum  aone  other  and  antecedent  form  of 
energy  of  (<n>)  tronversiun  and  trhemicul  action. 

Bejeccetl  beuc  energy  inereafies  mptilly  with  increase  in  the  amount 
of  work  performed  by  the  nacbine,  ami  this  seems  to  coafirm  tbe  idea 
that  tbe  expenditure  of  internal  eoergy  in  the  accelerated  operatioDS 
of  circalatiuD.  reMjiiration.  and  nittritioQ  most  find  ultimate  couvereion 
into  beat  aod  rejection  in  that  form.  The  disappearance  of  thermal 
energy  observed  by  Him  is  [uroof  of  this  action.  Hiru  also  found  that 
the  total  heal  exhaled  exceeded  by  one-third  that  compnted,  and  thus 
proved  that  it  must  be  derived,  in  part  at  least,  from  other  prooesses 
than  cooibustioD.  The  quantity  xran  five  calories  when  resting,  about 
half  as  mnoh  when  at  bard  work  i>er  gram  of  oxygen  inhaled.  Klen- 
tal  effort  anil  work  have  previ^iely  tbe  effect  of  manaal  labor  in  this 
increase  of  the  heat  waste  anil  conversion  of  energy.  The  source  of 
euergj'  as  an  elt'ect  of  oxidation  wonid  seem  to  be  tbe  food  taken  into 
the  system  and  the  broken  down  tissues  of  muscle,  bone,  and  nerve, 
while  the  office  of  the  food  supply  is  to  replace  this  tissne  and  to 
tiimisb  (he  energy  of  chemical  action  as  welL 

l>a]tou '  and  others  take  the  heat  waste  of  tbe  human  machine  as 
about  2(>0  British  tbernial  uuiti;  per  hour,  1*28  British  thermal  uhits  per 
)>ouud  nearly,  or  a  total  for  tbe  day  of  4,800  British  thermal  unite, 
equivalent  to  ^,7^,400  foot-pounds.  Assuming  the  possibility  of  com- 
plete suppression  of  this  as  waste,  or,  what  is  equivalent  to  the  same 
thing,  its  application  to  internal  work  of  equal  value  with  the  enei^ 
applieil  to  useful  external  work,  the  efficiency  of  tbe  animal  machine 
becomes 

5,7;U,400  -  10,000,000  =  0-57  + ; 

over  57  i>cr  cont,  and  exceeds  that  of  any  known  form  of  thermody- 
namic machine  in  actual  use  nearly  three  to  one. 

Whether  the  supprcHSiou  of  this  waste,  with  corresponding  gain  in 
useful  conversion  of  energy,  can  be  effected  remains  uncertain  and  is 
I)crbaps  unlikely  to  be  practicable,  although  animals  and  hnmau  races 
iu  the  Tropics  often  live  for  long  periods  in  temperatures  at  which  no 
cj>iiductiou  or  radiation  of  beat  is  possible,  and  must  depend  entirely 
upon  evaiwratiou  of  moisture  from  the  exterior  of  the  body  for  its  dis- 
tribution. Since  it  certainly,  in  part  at  least,  represents  the  retraus- 
formed  energy  of  internal  work,  it  would  seem  probable  that  only  by 
ellcuting  a  balance  between  internal  and  external  work  of  that  class 
could  this  waste  be  comiiletely  suppressed.  This  is  probaly  impossible 
with  the  vital  engine,  but  nothing  is  known  that  would  indicate  similar 
nocosHivry  limitatious  iu  any  artificial  machine  iu  which  tbe  essential 
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tranafonDationB  of  the  vital  mavbine  maf  in  some  way  possibly  be 
illaatrated. 

As  lias  elsewliero  bveii  Hnggested,  it  Ht-euiK  uvrtaiu  tliat  all  the  inter- 
nal o[>eration8  ot'tUe  body,  nil  the  various  metliods  of  energy  traimfor- 
uiation,  most  result  iu  linal  rednction  of  tbeir  resultant  total  to  the 
roFQi  of  heat  energy,  antl  in  that  tbrm  they  pass  away  from  the  system. 
This  conclnsiou  is  contirmtMl  by  the  exi>crimeuts  of  Uubiier,  who  finds 
th.it  the  radiate<l  heat  of  the  animal  iKidy  precisely  measures  the  cal- 
orific power  of  the  food  utilized  by  assiioulatiou.' 

The  internal  trork  of  the  vital  machiiief  as  now  computed,  amounts  to 
4ii  i>er  cent  of  the  energy  sap])lied  less  the  amount  of  rejected  potential 
energy  of  nnassimilatcd  food.  Neither  ([uantity  has  as  yet  been  pre- 
dselj  determined.  Estimates  have  been  made,  however,  and  po^ibly 
Hufficiently  approximate  for  present  pariMjses. 

Ijethcby,  for  example,  jiroimscs  the  following  for  an  average  day  of 
the  averse  workiogmau  at  his  usual  vocutious  involving  some  manual 
labor: 

t'oot-lmnnils,  nxtomal  work,  iii'tnal  labor 1,011,670 

Workiif  the  circitliition 500,040 

Work  of  respiration 98,4116 

Total  ft>ot-poiiml» 1,610,206 

AddiBg  to  this  probably  very  rough  estimate  the  3,734,400  —  598,536  = 
3,135,864  for  beat  not  due  to  these  causes,  we  have  a  total  of  4,746,070 
foot-{)ounds,  or  about  one-half  of  all  the  energy  supjdied.  Iteckoning 
tbe  work,  as  before,  at  2,000,000  foot-|>onnds,  the  total  becomes  five- 
eighths  the  energy  supidy. 

This  leaves  at  least  three-eighths  to  be  accounted  ticir,  and  if  we  may 
take  the  proportion  of  blood  taken  to  the  brain  as  a  measure  of  its 
demand  for  energy,  and,  as  estimated  by  Flint,  at  about  10  per  cent, 
we  still  have  about  25  per  cent  as  unaccounted  for;  but  it  is  certain 
that  a  part,  perhaps  a  large  part,  of  the  beat  rejected  from  the  system 
comes  of  internal  fluid  friction  and  energy  transformations,  and  it  is 
also  certain  that  some  of  the  food  escapes  digestion  and  assimilation. 
In  fact,  the  loss  in  the  latter  form  of  supplied  energy  has  been  com- 
puted in  some  cases  as  fully  25  per  cent. 

It  would  thus  appear  possible,  if  not  extremely  probable,  that  the 
full  amount  of  the  potential  energy  of  the  food  uctuaUy  assimilateil 
■nay  be  accounted  for  in  one  or  anutlier  form  of  the  resultant  energies 
visible  or  sensible  as  external,  and  as  essential  internal,  work  in  the 
vital  machine.  Just  what  internal  work  the  external  heiit  ^ov  may 
represent  it  is  impossible  to  say  positively;  but  assuming  that  all  the 
energy  expended  in  tbe  circulation  of  the  fluids  of  the  body,  all  the 
work  of  friction  so  appears,  and  that  all  energy  of  internal  mechanical 
work  of  other  sorts  an4l  of  all  <rhemical  processes  occurring  within  the 

■  Zoitschrift  liir  lliolugie,  XXX,  lim,  page  73. 
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system  also  is  thus  rejected  as  heat,  aud  assnming  that  the  energy  d 
braio  and  nerve  action  is  traoBforined  into  mental  and  uDmeusorable 
energies  of  wliicli  we  have  no  dynamic  equivalent  yet  established,  the 
animal  machine,  as  represeutvd  by  tbe  huoiaa  body,  may  be  taken  ai 
having  an  efticiency  measured  liy  the  ratio  of  the  sum  of  nsefiil  mnscnlar 
labor  and  brain  work  to  tbe  energy  suiiplied. 

Thi»  is  now  Heeii  to  be  probably  not  far  from  30  per  (;ent,  and  tbe 
machine  is,  thus  viewed,  one  and  a  half  times  as  efficient  as  any  exit- 
ing steam  engine. 

If  the  use  of  the  machine  may  be  taken  to  be  tlie  production  of 
muscle  and  brain  work,  aud  of  the  beat  required  for  the  comfort  of  Uie 
system  considered  as  an  intelligent  creature,  the  efficiency  becomes 
tbe  sum  of  these  three  quantities,  divided  by  tbe  total  receipts  oT 
energy,  or  substantially  two-thirds,  the  only  wasta  ou  this  basis  being 
that  of  uuassimiluted  food,  and  the  energy  of  fomuitiou  of  chemical 
comiioonds,  of  heat,  and  of  dynamic  energy,  unutilized,  in  a  compara- 
tively small  proportion. 

Brain  work  ia  the  task  and  thought  the  product  of  tlie  professional 
man,  Tbe  mass  and  weight  of  tbe  brain  give  us  some  interesting  data 
for  consideration,  if  not  throwing  important  light  upon  tbe  problem  in 
hand.  The  average  neight  of  the  brain  of  a  man  is  about  3  jMantls. 
perhaps  50  ounces;  that  of  the  average  womau  is  10  per  cent  less, 
about  45  ounces.  High  hrmi  weights  are  53.4  ounces,  the  ^tght  of 
that  of  Agassiz,  up  to  64.5,  that  of  Cnvier;  while  low  weights  are 
indicative  of  reduced  working  power,  if  not  of  capacity  for  intellectual 
action.  It  is,  however,  true  that  the  largest  brains  have  been  those 
of  the  idiotic  and  the  insane,  and  that  the  greatest  genius  sometimes 
possesses  a  brain  of  but  average  size  or  even  somewhat  less;  yet 
insanity  and  idiocy  only  prove,  in  most  cases,  disease  of  the  ordinary 
brain  of  whatever  size,  and  individual  cases  affiird  no  evidence  pro  or 
con.  Tbe  important  fact  is  that  size  of  brain  increases  with  the  intel- 
ligence of  tbe  race,  aud  that  when  the  weight  falls  below  about  :.' 
pounds,  two-tliirds  the  average  for  our  own  race,  intelligence  is  usually 
lacking.  Cerebration  only  occurs,  efficiently,  with  larger  proportions 
of  gray  matter. 

The  average  weight  of  the  male  brain  in  African  races  is  about  tliat 
of  females  of  the  European  races,  and  that  of  their  females  is  ID  {ler 
cent  lower.  The  weights  in  Australian  rsices  fall  to  that  of  the  African 
female  in  the  case  of  the  male,  and  10  per  cent  below  this  for  the 
female,  or  39  ounces.  The  weight  never  exceeds  55  ounces,  except 
among  the  most  civilized  races.  The  bodily  functions  may  be  main- 
tained and  manual  labor  i)erformed  with  very  low  weights,  as  healthy 
.idiots  have  been  known  having  brains  weighing  less  than  a  pound 
(8.5  to  10.6  ounces).  The  cerebrum  constitutes  87  per  cent  of  the  cra- 
nial contents. 

The  compactness  and  firmness  of  tlie  brain  substance  and  the  com- 
paratively small  quantity  of  blood  with  which  it  is  saturated  ui  its 
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ordinary  healthy  condition,  indicate,  probably,  a  slow  building  of  tissne 
and  constraction  of  the  gray  matter  coustituting  the  braiu  material 
proper,  and  is,  perhaps,  also  to  be  taken  as  evidence  that  the  organ  iB 
not,  like  the  musclen,  in  the  opinion  of  inanyphyRiologiBtn  operative  by 
the  destruction  of  its  own  substance.  The  proportion  of  iintriment 
itaitablo  for  each  organ,  presented  by  the  blood,  varies  considerably, 
and  it  maybe  the  fact  tbat,  for  this  reason  at  least,  the  volume  of  blood 
sent  to  the  brain  Im  not  a  gauge  of  the  energy  supplied  it  in  that  form; 
but  the  probably  slow  constniction  of  the  tissue  of  that  organ,  and  tbe 
comparatively  small  proportion  of  nerve  and  brain-making  elements  in 
the  blood,  are  in  wcord  with  the  hypothesis  tbat  some  apiiroximation 
to  the  ratio  sought  may  be  thus  obtained. 

The  pro]iortion  of  blood  Aowing  to  the  brain  would  make  it  appear 
that  about  15  per  cent  of  the  potential  energy  supplied  the  body  is 
expended  in  braiu  work.  The  fact  tbat  a  loss  of  one-third  the  average 
weight  results  in  1ob.s  of  power  of  cerebration  possibly  indicates  that 
one-third  the  brain  power  is  devoted,  in  civilized  races,  to  intellectnal 
work.  The  fact  that  life  atid  bodily  health  may  persist  with  one-third 
the  average  allowance  of  brain  woald  seem  to  show  that  one  third  the 
normal  brain  action  may  be  required  for  the  conduct  of  the  purely  ani- 
mal operations  of  the  system.  The  corollary  of  these  two  deductions 
wonld  »eem  to  be  that  the  normal  thinker  expends  one:third  his  brain 
power  njon  the  vital  machine,  one-third  upon  the  incidental  and  acci- 
dental cerebrations  of  life,  and  one-third  upon  real,  purely  intellectual 
work.  But  the  size  of  brain  and  its  quality  are  both  known  to  be  fac- 
tors in  the  determination  of  the  magnitude  and  nature  of  its  product 
intellectually,  and  it  is  very  possible,  probable  indeed,  that  the  intel- 
lectual mind,  with  a  brain  well  adapted  to  its  use,  not  only  has  an 
instmuient  capable  of  doing  more  and  better  work  than  the  average, 
but  makes  more  use  of  that  instrument  than  does  his  neighbor  of  equal 
brnin  weight.  It  is  for  this  reason,  in  part,  that  the  figures  here 
assigned  for  brain  work  have  been  fixed  upon.  As  a  matter  of  simple 
proportion,  the  human  machine,  acting  as  a  prime  mover  simply,  devel- 
ops from  1,000,(M)0  to  2,000,0(»0  foot-i)OundH  of  work  per  day.  The  best 
worker  is,  usually,  also  most  intelligent,  and,  following  tbe  above  sug- 
gestion, it  may,  ^lerbaps,  be  assumed,  in  default  of  direct  measurement, 
tbat  the  "brainless"  worker — using  that  term  in  its  Vulgar  accepta- 
tion— may  perform  the  lesser  amount,  1,000,000  foot-iwunds,  and  that 
the  intelligent  worker  may,  under  similar  external  conditions,  produce 
2,000,000  foot-i>ounds,  and  that  the  latter  may  use  his  brain  and  con- 
Kume  energy  supplied  by  the  average  brain  in  moderate  amount  as 
well.  If  the  professional  brain  worker  does  less  physical  labor  and 
more  brain  work,  he  may  substitute  the  one  for  the  other,  to  a  consider- 
able extent,  and  we  have  assumed  1,000,000  foot-pounds  as  the  measure 
of  a  brain  worker's  day's  work,  in  addition  to  the  labor  of  carrying  on 
the  bothly  fnnctions  and  that  of  regular,  mmlerate  exercise.  Ah  yet, 
however,  such  figures  are  little  better  than  guesses. 
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The  ef^ciency  of  the  thought-machine,  as  tlte  "  brain  worker"  of  motieni 
times  has  become,  can  not  be  estiiiiateil  with  even  so  inucli  of  acciiract 
and  certainty  as  that  of  tlie  same  orgauisui  employed  as  a  vital  prinH 
motor  and  mecliaaical  engine.  The  considerations  presented  in  tbe 
last  sections  and  in  some  ot  tbe  earlier  portions  of  this  discossiou  I 
woald  seem  to  indicate  that  tbe  energy  demandcHl  by  tbe  brain  for 
transformation,  prcKumabty,  in  tbe  oi>eration  of  tlie  apparatns  aii 
tlie  instrument  of  the  mind  and  tlie  tool  of  tlioaght.  may  be  fairl.v 
taken  as  between  r>  ]>er  cent  for  the  case  of  tlie  workingman  giving  all 
his  energies  to  his  task,  with  little  time  and  no  strength  for  mental 
labor,  and  for  the  noniiitollectual  creatnres  most  nearly  appmaching 
man  in  their  constitation  and  structure,  and  10  per  cent  for  the  aver- 
age intellertnat  product  of  civilization,  up  to  |)erhap8  !■'>  per  cent  in 
the  case  of  tbe  steadily  working  professional  braiu  worker.  This  i.i 
mainly  to  be  deducted  from  the  energy  applied  by  the  laborer  wiUi  liis 
muscles  to  his  daily  task,  and  the  efficiency  m^count  woald,  in  sarli 
case,  stand  as  a  first  and  a  rongh  approximation,  iierbapa,  a«  folio**: 

The  iatrlUfliiat  mocAine — llereipU  and  expriKlilHrtM — Kffideyiciei. 


AtaiUtila  and  sppLlol 
On.i  .lay'i  work  (tlHrnxhl).. 

.  B.60l>.w  - 

.  i,r,»o,«o 

.     , 

This  estimate  makes  the  efficiency  of  the  mentiil  machine  14porceiit 
if  based  upon  the  energy  actually  offered  it  in  the  circulatory  systein, 
or  12  per  cent  if  based  upon  the  total  food  supply.  If  the  exercise 
taken  can  be  made  also  commercially  URclnl,  the  efficiency,  on  tliis 
aHSum|)tioii,  becomes  -S  or  24  per  cent,  and  if  the  essential  work  of  the 
inai^'hine  is  taken  as  that  of  providing  its  operator  with  beat  and  brain 
imwer  it  becomes  57  or  47  per  cent,  the  internal  work  as  here  denomi- 
nated being  llie  only  waste  except  that  of  nonassimilation  of  food. 

Whatever  may  be  takeii  as  the  proper  method  of  reckoning  efficien- 
cies from  the  ntilitarian  standpoint,  it  is  obvious  that,  in  one  form  or 
another,  the  machine — this  vital  engine — converts  80  or  00  per  cenHif 
the  energy  received  by  it  into  new  energies  by  tnmsformatiou,  ami. 
taking  the  real  waste  in  tbe  scientific  sense  as  that  of  the  heat  rcjet-tcii. 
the  efficiency  for  comparison  with  beat  engines — in  which  hut  one  pur 
pose  exists,  that  of  [irovlding  a  single  form  of  energy,  transforming  all 
receiveil  into  tbe  mechanical  form,  so  far  as  practicable — it  is  fair  to 
say  that  tbe  former,  with  its  efficiency  as  thus  stated  at  57  to  r>.'>per 
cent,  excels  the  perfect  heat  engine  of  our  time  enormously,  has  twirt 
the  highest  tlicoreMcal  elliciency  of  the  best  steam  engine  yet  pro- 
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dnced,  and  three  times  its  actaal  efficiency  under  tlie  moat  favorable 
conditions  yet  reported.  To  attain  tliis  efficiency  of  tlie  vital  niacbine, 
any  heat  eugice  acting  under  the  laws  of  thermodynatQics,  as  applied 
to  motors  with  flaid  workiufr  substances,  the  only  forms  as  yet  devised, 
mast,  if  vre  take  the  temperature  of  the  human  body  as  its  minimum, 
have  a  range  of  about  ^75°  ¥.,  nail  a  maximum  temperature  of  aboat 
475'^  F.  These  should  be  the  limiting  temperatures  of  the  machine,  if 
it  were  a  thermodynamic  engine  operating  under  any  such  conditions 
as  are  now  known  to  limit  the  action  of  the  heat  engines. 

The  maximum  possible  range  of  temperature  in  a  mass  of  organic 
BiibntaDce  of  which  50  per  cent  or  more  is  water,  and  the  circnlating 
fluid  mainly  a  solution  of  organic  substance,  can  not  jrassibly  be  much 
greater  than  the  range  between  the  freezing  and  boiling  points  of 
pure  water,  but  the  efficiency  of  the  best  heat  engine  known,  even 
acting  as  a  perfect  thermodynamic  engine,  would  not  exceed  the  ratio 
180/672=0.27  (27  per  cent)  and  its  actoal  efficiency  would  probably 
&11  below  20  per  cent.  The  animal — tbe  vital  engine — certainly  has  no 
sensible  range  of  working  temperature,  and  no  elastic  working  sub- 
stance like  the  gases  and  vapors,  but  its  efficiency,  even  as  a  work 
producer  alone,  exceeds  the  above  figure,  and  as  an  energy- prodncor 
its  efficieDcy  ex<;eeds  that  of  ordinary  heat  engines  several  times. 

The  correct  method  of  estimating  the  efficiency  of  tlio  vital  miichine 
is  unquestionably  that  which  sums  np  all  its  expenditures  of  energy, 
thermal,  mechanical,  mental,  and  determines  the  ratio  of  that  sum  of 
all  energies,  so  far  as  directly  contributing  to  the  purposes  for  which 
tbe  dweller  within  the  apparatus  lives,  with  the  total  energy  supplied 
during  a  period  including  at  least  one  perfect  cycle.  Taken  in  this 
inaQuer  and  in  this  sense,  the  rejected  heat  would  seem  to  constitute 
the  only  real  waste,  and  the  efficiency  of  tbe  machine,  as  a  i>eripatetic 
reaidence  for  the  soul,  would  seem  to  be  fairly  reckoned  at  not  less  than 
4o  per  cent  nor  more  than  05,  accordingly  as  one  or  the  other  of  tbe 
units  above  taken  are  accepted — two  to  tbree  times  tbii  maximum 
efficiency  of  the  beat-known  heat  engines. 

Tbe  r^ected  heat  energy  is  precisely  like  that  of  the  Anal  beat  waste 
of  the  electric-lighting  system — tbe  final  form  of  energy  subjected  to 
transformations  of  greater  or  less  complexity  iluring  tbe  process  of 
application,  in  some  definitely  deniande<l  phrase,  (o  a  prescribed  pur- 
pose. Rejected  heat  is  certainly  not,  in  tbe  rase  of  tlie  vital  niacbine, 
"let  down"  from  a  higher  temperature  in  tbe  process  of  thermodynamic 
conversion,  an  essential  characteristic  of  that  form  of  prime  mover. 
The  machine  is  evidently  not  a  thermodynamic  engine. 

Part  IIL—SPECIAI,  energy   products:    ELRCTBICITY,    LIGHT,    KTC. ; 
SUMMARY  AND  CONCLUSIONS. 

StTiguJar  and  un/aJniliar  etiergies  are  prmluced  by  the  vital  miiehine, 
either  as  incidental  to  the  ultimate  purposes  of  the  n|iparatus,  oras 
Bpecial  final  output  for  peculiar  pur[)oses.    For  example,  it  is  knowr- 
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J  r  '^1*  -L*  .r  -.^  ::'tr-.^  --ir-rr.  ;>lj;  ct-^cb.  <f  a^  lainola  and  it  is  a 
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U.*  ■-^.- :'-..;.-.---;.  t,«^  - ■•■  .•■i'^-.-.  ^  ~ sjuzz^'  iz'M  f^nafthat  it  is  not 
■1  r -'- -ki^-  — -  *•?  *  '^-^-r-iL  ,r -iwrrT'  T*^»;i-ni-K^  distribotion. and 
TTfc.:  -€  To^'.-  ■!_  ■  ■—  i..-  ..*■  -t-Tf  rtTvIj  i'T^-i-'Twd.  We  know  only  the 
-.  WT  rs- -.*  r_-r' -  LT'i  k  >-»  --i.!-  -r^a^ifai^  ssefa  as  Ibe animal- 
•-,-  .^  ;_-t  r-  -:  -.1  **Bfc*  *:  ,  "t?-U-Tx  :tkr»na.  vkirk  are  eapableof 
xr.-L-'.  ■-=.  s  z  •:z~:~  ^:  i_*^:  -Sxm.  ziZK  Z^i-  la  this  «aee  it  is  also 
*.-_-_■_•  -..,-.  :.-■  :  -.-.  T'-.lL^i  ^  '^i  b*  a^iDost.  if  Dot  entireir, 
-ji"i'.r-:  *  ■!  1— J.T.  i-i  .-  :l_f  itf-i**  is  i?  ii»e  mo^  economical]  light 
I'  fi'.  -.-J..!.  El  n.  T^-iHt  r*>  ^la^r^T*  of  !^a^:alar  iwodact  are  bo 
:r.-.;<  r-.i-  •.  a:i  :  --  j  j-s::-«,  is  »^  i*  :L:«*»*ting  froaa  their  mystery, 
•.'-1,-  -'-^T 'Irzu^  '.  -.i^Tzl  >.  iLs  I*Ta;>?c:,  piniocjariy  at  the  hands  of  the 

£  '•:tri--i-%  ■_*-  :  •  r  ^^ri.  riEf.v~-;*ti  as  a  liial  eongy,  and  the  fame 
of  G.tlvi- :.  tLe  <;.-;;:  _~;i':.eii  pn>:'t*3i>r  of  com|iaratJre  anatijmy  at 

B"J'i_Tia  :  707-1 7>?  Tas  tiir.rr  e:it.ii''.:-hed  by  his  striking  discovery 
IT-v;  of  wLii  ;-i  r.->ir  fj:„ui.ir  to  biol.-gist  and  physicist  alike,  as 
'•ari.-.'f.al  eirttr..  :tj-."<T,  as  Hj^ib  i-all-iii.lVleetricitvvitale,  the  "vital 
flciij."  a<;4>tr'i:ng  to  tie  uiscMverer  himst-It  The  JiuDOOS  controversy 
wlikb  at  on<e  aro*e  U^lween  Galv.iai  and  Volta,  the  contemporary 
proftsjiorrif  jiLysUsat  I'arja.  »nd  Tliivb  led  to  the  publication  of  Volta's 
dictum:  '•Wlitn  two  hetero^'eneoiis  sabstaiices  are  in  jnstaposition, 
the  one  always  asgume.s  the  positive  the  other  the  negative  electrical 
Btate,"  was  a  tirst  step  toward  the  determination  of  the  fact  that  as 
f;xtemally  jirodiiced  ctirreiits  will  always  affect  the  nerves  and  muscles, 
so  internal  cnrrt^iits  may  always  be  foand  capable  of  affectiug  extemal 
HtibKtances.  Sobili's  discover)-  of  the  '•  proper  CKireut"  directed  from 
tlic  foot  toward  the  head  of  the  frog  (lS-7),  as  predicted  by  Humboldt 
just  thirty  years  earlier;  Matteacci'sextended  researches  of  later  date, 
and  the  still  more  striking  investigations  of  Da  Bois  Beymond  (1842), 
have  proven  both  the  existence  of  such  currents  in  the  animal  machine 
and  a  drift,  also,  of  electricity  outward  from  interior  of  inascle,  or  nerve, 
to  the  surface,  which  may  probably  be  taken  as  a  "leakage  current," 
du(i,  in  part  at  least,  to  the  fact  that,  even  here,  insulation  is  not  perfect 
The  lartt-uamed  investigator  showed  that  the  more  powerful  the  muscle, 
111  Its  iiivturnl  condition,  the  wtronger  these  electric  currents,  the  heart, 
for  example,  exhibiting  powerful  cunents  and  the  muscular  system  of 
the  iiiLcMtiutm  ft  comparatively  weak  flow.     His  well-known  experiment, 
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in  which  the  galvanometer  is  made  to  reveal  a  current  passing  from  an 
nnflexed  arm  to  tlie  other  aide  and  into  ttie  arm,  which,  contracting  its 
muscles  strongly,  grasps  an  object  forcibly,  esjieciaily  intercfits  the 
student  of  the  vital  machine  as  indicating,  in  correspondence  with 
the  fundamental  laws  of  energetics  in  this  ca»e  of  electric  action,  as  in 
thermodynamic  operations,  the  reduction  of  the  energy  supply  by  con- 
veraioD  into  mechanical  work,' 

The  experiments  of  the  Italian  physicists  and  of  Dr.  Ure  on  cadav- 
ers are  familiar  proofs  of  the  substitutive  value  of  tlie  electric  flnid  and 
the  vital  fluid,  if,  indeed,  tliey  are  not  evidence  of  their  identity;  and 
the  still  more  familiar  experienccH  of  all  who  have  had  to  work  with 
electricity  in  any  form  at  moderate  or  high  tensions  may  be  accepted 
as  more  convincing  testimony  of  the  relationship  of  the  one  form  of 
energy  to  the  other.  The  discovery  by  Pouillet  and  the  later  inves- 
tigations of  Donn<>,  Becquerel,  and  others  relative  te  tlie  now  well- 
recognized  form  of  vegetable  electricity  constitute  an  interesting  if 
superfluous  confirmation  of  the  idea  that  nature  employs  the  electric 
cnrreot  in  her  work  much  more  generally  than  is  popularly  sujiposed. 
The  identity  of  animal  electricity  with  the  familiar  forms  of  that 
energy  is  perhaps  best  shown  by  the  fact  that  where,  as  in  the  gym- 
notuB  and  torpedo,  the  best  known  amongsome  tifty  such  creatures, 
the  fluid  is  made  the  means  of  attack  and  defense,  thus  necessarily 
being  given  considerable  volume  and  tension,  it  responds  to  every  tost 
customarily  employed  to  identify  and  measure  the  voltaic  cnrrent. 

The  assumption,  which  perhaps  may  now  be  fairly  taken  as  possess- 
ing a  basis  of  probability,  that  electrical  or  some  related  or  in  many 
ways  similar  form  of  energy  may  prove  to  be  an  intermediary  l>etwecn 
the  chemical  energy  known  to  be  a  necessary  initial  action  in  the 
redaction  to  the  active  form  of  potential  energy  supidied  to  the  vital 
system,  aud  those  ultimate  energy  products — mechanical  [wwer,  heat, 
sometimes  light,  and  always  physiological  manifestjitions — is  strongly 
corroborated  by  the  facts  developed  by  research  in  those  organisms 
which  most  extensively  and  strikingly  exhibit  that  kinetic  energy.  It  is 
known  not  only  that  aboot  fifty  creatures  are  capable  of  applying  the 
electric  flnid  to  their  own  purposes,  in  defense  aud  in  pursuit  of  their 
prey,  but  that  all  species  of  the  ray  family  have  at  least  rudimentary 
electric  organs,  a  fact  first  stated  explicitly  probably  by  liobin.  Five 
species  are  known  to  be  capable  of  producing  a  Sensible,  often  pow- 
erful, electric  discbarge.  Muscheiibroeck,  Walsh,  Davy,  Becquerel, 
Breschet,  Linari,  Mattencci,  Moreau,  and  others,  some  of  tvhom  have 
^n  elsewhere  mentioned,  have  shown  this  fact  and  have  revealed  dis- 
tinctly the  identity  of  this  energy  of  these  fishes  and  other  creatures 
with  the  electricity  now  familiar  to  ns  in  a  thousand  daily  operations. 
Marey  has  shown  that  the  discharge  is  cfi'ected  by  transmission  of  the 

[ii:ilc.     Aiiiialcii  lU:  L'lieiuio  <lii  I'lij'Hiijiic,  -hi  seiio,  T. 
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t"  '.i>f  m-pl'-ynn-:::  t>T  :h*  Intlians  o('  RsiStro 
i:i  .m;-- :.-;:. 2  tbe  ^ymr..  rns,  ic  rli«  sarrtfice 
■*;.'  <!r'^w:.:ii2,  a:":er  ^^iz-^  Jiaablwl  br  the 
lie  •t::r.ij>-<l  rrymr.'itaa.  an*!  hb  >tai^B«nt  that 
i.  r»?  T«'-s^rfri!  -ii'H-kstiiaD  be tuMt •^T«^ roared 
iir*.  ii!vf  -«.;iit.-  idea  rif  the  viiror  a$  w*ll  3k$  of 
[ff^Twizj.  His  t^si-rriments  with  Gar  Lassac, 
n-cir'i,  Hresiiiei.  ami  others,  show  it  t"  be  eapa- 
■Vii:  ;i- ■!  •'\ti;'>rtii[g  every  phenomenon  faniit- 
i-o':.it<-  ;it'ti>>[i  at  lii:;h  tension. 

iv.rreju  in  the  animal  system  is  prodaeed  fi>r 
'iT.iy  cr.tit<I'»riii»lii)nsof,  asyet,  andetennined 

eUvtr-o  rislii-s  at  least,  developed  at  will  in 
;'.!!   irvtenditl  work,  as   in   other  displays  of 
[Im-  uerve  jHiwer  of  the  tndiTidnai. 
«,-{!' rtstit'is  it  issimilar  to.  if  not  identical  with. 


:i  phj-Hiologie.  18^. 
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voltaic  electricity,  and  thus  nnqnestionably  subject  to  alt  the  lawB  of 
eiiergetica,  of  electro-dyoamics,  of  electrical  pliysics,  and  of  electro- 
cliemical  action. 

The  velocity  of  trnnstnisBioii  of  the  nerve  impolse  ia  from  90  feet  per 
second  in  cold-blooded  to  100  or  150  feet  in  wartn-hlooded  creataies — 
ail  exceedingly  iniunt«  faction  of  the  spee^l  of  the  electric  current 
over  good  condnetors.  It  thus  reiguires  about  the  tenth  part  of  a  aec- 
oikI  to  telegraph  from  the  brain  to  the  extremities  and  obtain  a 
re-sponse  through  the  sensory  nerves  or  to  produce  reflex  motions  of 
mnscles.  Dn  Bois  Keymoud  found  the  electro- motive  force  impelling 
the  electric  currents  Howiug  in  the  nerves  and  muscles  of  the  frog  to 
have  the  value  of  0.22  to  0.25  volt  in  the  nerve  and  0.35  to  0.75  volt  in 
tlie  muscle.'  Shonid  it  prove  the  fai-t  that  the  active  energy  is  electric 
and  magnetic,  the  low  voltage,  if  confirmecl  by  measurement  of  the  actu- 
ally operating  currents  doing  their  regular  and  normal  work,  Tould 
iiidicategreat  strengths  of  currents  at  low  tensions.  The  time  required 
for  action  at  the  nerve  center  itself  is  something  like  0.05  second. 

Matteucci  fonnd  that  the  passage  of  the  electric  current  from  the 
brain  toward  the  extremities  produced  contractions  of  the  mnscles 
traversed,  while  the  opiwsite  direction  of  current  caused  annoyance, 
if  not  actual  pain,  and  seemed  only  to  affect  the  sensory  nerves.  He 
thought  that  this  "  t>oIar  condition  "  indicated  that  such  excitation  by 
Mtmething  analogous  to,  if  not  identical  with,  the  electric  form  of 
energy  constitates  the  "  nervous  agency  "  of  the  system. 

What  is  known  to-day  simply  shows  that  electricity  of  low  tension 
and  comparatively  large  quantity,  or  some  related  form  of  energy,  ia 
or  may  be  a  product  of  transformations  nccnrring  in  the  body,  having 
their  source  in  the  potential  energy  of  the  food  supplie<1,  and  is  the 
probable  intermedi.try  between  the  directing  power  of  brain  and  sphie 
and  the  elements  of  the  voluntary  and  involuntary  systems  uf  mnscles; 
that  this  energy  is  probably  in  constant  circulation  in  continuously 
acting  organs,  and  intei-mJttentiy,  at  least,  in  those  actuated  only  by 
the  will ;  and  that  the  evidence  of  its  presence  niay  always  be  found  in 
its  leakage  currents.  It  is  certain  that  tlie  production  of  electricity 
may  be  increase*!  by  the  special  development  of  its  proilncing  organs 
to  aneh  extent  as  to  become  a  source  of  power  and  of  safety  to  its  user 
and  of  danger  to  enemies,  exhibiting  all  the  characteristic  properties 
of  the  fitmiliar  forms  of  moderately  high-tension  currents. 

Anatomiste  familiar  with  (comparative  biology  know  that  the  electric 
cells  of  the  torpedo  and  its  congeners  arc  evolved  from  the  under  side 
of  the  skin,  and  by  a  process  which  seems  simply  tliat  of  mnscle-cel) 
prodnction,  with  moditicatioii  to  its  special  pnriiose.  This  fact  may  be 
accepted  as  evidence,  worthy  of  consideration  at  least,  that  the  muscles 
contain  within  themselves  the  principle  of  animal  [Mtwer,  and  jKissibly, 
even,  that  this  power  is  a  modification  of,  if  not  identical  with,  the 
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I>erioittcities.  To^la  attempts  it  by  electroatatic  action;  iiatnre  does  it 
^lerfevtly  by  wlidt  seem  to  be  chemical  processes.  How  «liiil1  we  ulti- 
mately accoinplisli  this  sediictive  tasli  and  cinuliite  nature  while  com- 
plying with  those  ecouomic  laws  which  always  coutro),  and  often 
seriously  imi>ede,  the  prepress  of  the  engineer! 

Vital  foree  and  energy,  the  force  and  energy  whicli  eonstitate  vitality, 
whicli  are  the  characteristics  of  anima)  life,  may  easily  be  shown  to  be 
apart  from  that  higher  life  of  tlie  Bonl  and  the  intellect  whinh  consti- 
tutes the  ego,  which  m  the  iiidividuiil.  They  reside  not  in  the  brain,  or  in 
its  directing  power,  the  mind,  but  pervade  the  aniiiml  frame,  and  are 
found  active  throughout  the  vital  machine.  Life,  in  this  sense,  is  Keen 
Id  the  motions  of  the  decapitated  trunk  of  any  animal,  and  the  reptiles 
often  live  a  long  time  with  brain  removed.  All  the  functions  of  purely 
animal  life  continue,  and  the  taking  of  food,  it»  digestion,  the  act  of  res- 
piration, thatof  blood  circulation,  and  the  whole  "antematic"  operation 
of  the  system  essential  to  continued  vitality  goes  on.  This  indei>end- 
eoce  of  the  vitality  of  all  mind  is  seen  in  the  spermatozoa,  which  live 
independent  lives  for  hours,  and  even  in  some  animals,  as  in  the  bats,  for 
months  at  a  time.  It  is  seen,  very  probably,  in  the  white  blood  corpus- 
cles, which,  as  they  float  in  the  stream  of  vital  fluid,  change  form,  seize 
upon  each  other  or  ni>on  tlie  surfaces  of  theii-  channels,  and  otiierwise 
exhibit  independent  life.  In  fact  it  may  be  fairly  ])resumed  that  they  are 
themselves  the  principle  of  life,  its  method  of  imitortation  into  the  ani- 
mal system.  But  this  is  not  all.  The  vital  principle  attaches  to  every 
part,  and  the  heart,  removed  from  the  body,  continues  for  a  time  pul- 
sating with  its  own  iudepeudent  life,  the  vital  principle  surviving  lon^ 
enough  to  produce  many  repetitions  of  the  natural  rhythmic  automatic 
movements  of  the  organ.  In  man — as  intellection  is  entirely  unessen- 
tial to  vitality,  and,  when  unconscious,  as  when  sleeping,  when  under 
the  influence  of  aniesthetics,  when  suffering  from  concussion  or  other 
injury  to  the  brain,  the  whole  animal  system  continues  in  action  with 
more  or  less  accuracy  under  the  impulse  and  directiou  of  the  vital 
power — unconscious  life  continues,  in  some  cases,  weeks  and  months. 

The  probability  that  the  vital  functions  are  independent  of  the  intel- 
lectual and  moral  life  and  of  brain  action  is  also  evidenced  by  the  facts 
that  the  muscle,  even  when  excised,  quivers  with  vitality  for  a  time; 
that  it  exudes  carbonic  acid  when  working;  that  it  rednces  lactic  acid, 
decreases  the  amount  of  compounds  present  soluble  in  water,  and 
increases  the  quantity  of  those  scduble  in  alcohol;  decreases  glycogen, 
increases  sugar;  and  all  this  when  the  flow  of  blood,  with  its  burden 
of  nutrients  and  of  oxygen,  is  cot  off  from  it.  Blood  entoriug  the  liv- 
ing and  working  tissues  is  always  changed  in  life  and  issues  with  a 
new  composition.  The  tissues  are  thus  "laboratories  in  which  mate- 
rials abstracted  from  the  blood  are  transforme<l." 

An  excised  intestine  eontiimes  its  peristaltic  movements  for  an 
appreciable  time.   The  heart  of  the  rabbit  beats  sometimes  a  half  hour 
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directs  it,  wbivh  is  constrncted  to  differentiate  it  from  otber  euergies, 
to  give  it  form  aud  purpose,  to  afi'urd  it  a  vehicle,  is  the  spiual  nerve  of 
the  vertebrate  and  tbe  etiaiviileitt  organ  in  otber  creuturee. 

The  psychical  energic*,  including  conscioiisness,  intelleutiou,  emotion, 
wbich  are  essential  cbaracteristies  or  the  vital  niauhin^,  and  which,  in 
the  case  of  those  with  which  we  are  principally  concerned,  at  least 
iutlaeuce  to  an  important  degree  its  i>ower,  endurance,  and  efflciency, 
all  depend  for  their  eflective  display  and  frnitfnl  exertion  upon  tbe 
preservation  in  good  health  and  perfect  form  of  tlie  upper  brain.    A 
toueli  npon  tbe  surface  of  that  organ  impairs  the  action  of  the  mind; 
the  destruction  of  a  ganglion  takes  away  the  imwer  of  expiessioii  if  not 
of  thought;  the  lesion  or  degeneration  of  its  tissne  measures  a  propor- 
tioual  loss  of  psychic  energy.    With  the  organ  sound  and  strong,  its 
actiou  depends,  as  every  day's  exi>erience  shows  us,  upon  itK  nutrition 
and  repair.    Like  the  body,  it  is  seen  to  bo  n  niacbine  which  guides 
and  apx^Iies  energies  derived  from  external  sources.    All  its  euergies 
come  ot  an  initial  su]>ply  brought  through  tbe  blood  cbauneU  from  the 
digested  food,  and  both  body  and  brain  exhibit  characteristic  modes  of 
gnidaiice  and  application  of  tbe  transferred  and  transformed  energies 
originally  stored  iu  air  and  food.    Body  and  brain  are  apparatus  for 
abaorptJon,  transformation,  and  employment  of  characteristic  forms  of 
energy.     Their  methods  of  absorption,  modes  of  transformation,  aud 
processes  of  application  constitute  imiwrtuut  and  attractive  as  well  as 
legitimate  problems  in  physical  research.    Tracing  back  tbe  path  by 
which  all  matter  came  iu  from  space  to  construct  tbe  material  world 
and  retracing  the  path  over  which  tbe  energies  came  out  of  the  ether 
and  its  accompanying  stock  uf  all  tbe  energies,  are  companion  problems. 
The  origin  of  energies  displayed  in  the  vital  niitchiue  is  found  iu  tbe 
food  consumed,  and  the  apparatus  of  tbe  body  is  simply,  as  is  now  well 
proven,  em])loyed  in  the  Ireeiug  of  these  energies  from  tlieir  jwtentJal 
form  in  tbe  chemical  aflluities  of  oxygen  for  carbon,  hydrogen,  nitrogen, 
and  the  elements  of  various  other  compounds,  and  the  diversion  and 
direction  of  tbe  resnitaut  energies  uf  various  kiuils  aud  always  equiva- 
lent quantity  in  the  performance  of  internal  and  external  work.    Brain, 
uerve,musGle,  gland,  all  give  proper  direction  to  appropriate  energies; 
none  ori^nates  energy  or  bas  power,  intrinsically,  of  doing  work,  Tbey 
are  all  characteristically  and  kineniatically  similar  to  the  organs  of  the 
machineB  constructed  by  man.    But  tbe  ultimate  physical  source  of  all 
energies,  so  far  as  ideutitied,  is  tbe  heat  and  light  of  tbe  sun ;  while  in 
turn  tbe  source  of  the  energy  of  the  sun's  rays  is  presumed  to  be  tbe 
inecbanical  energy  of  colliding  atoms,  molecules,  star  dust,  all  celestial 
bodies,  tbe  comets,  jilanets,  suns,  worlds.    Tbe  distinctive  energies  are 
simply,  as  we  suppose,  different  modes  of  motion  of  atoms  and  mole- 
cules and  masses,  if  physical;  but  we  find  no  light  yet  thrown  up<m  the 
nature  of  tbe  more  subtle  energies  of  vitaUty,ofint«llection, of  mind, 
or  upon  their  relation  to  matter. 
Conclusions  of  serious  import,  of  singular  interest,  of  engrossing 
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oii]«l  be  applied  in  iudoBtrial  operations  in  place  of  the  heiit  engines 
roald  afford  inconceivable  amelioration  of  the  coaditiou  of  tbo  Ttu.-e, 
,Dd  to  a  less  bnt  neverthelasB  considerable  degree  of  hia  attendant 
features,  both  by  giving  the  power  of  secnriiig  the  utmost  possible 
luty  from  oor  stores  of  latent  available  energy,  and  by  prolonging  the 
if<e  of  tbe  race  by  indefinitely  removing  the  period  of  exbaustion  of 
hose  stores. 

(_6)  The  best  evidence  yet  BOcared  by  research  seems  to  indicate  that 
jbo  method  of  energy  transformation  in  tbe  vital  machine  iu  one  which 
lirectly  transforms  the  potential  energy  of  the  food,  as  developed  by 
cbemical  combinations,  into  kinetic  form,  sometimes  perhaps  simply  by 
cltemico  dynamic  change,  sometimes  by  chemicoelectric  transforma- 
tion ;  and  this  in  turn,  and  possibly  also  ttie  energy  due  to  osidation  of 
food,  and,  to  some  extent,  of  the  muscle  itself,  into  mechanical  power, 
iitto  the  vital  energy  of  the  aatomatic  system,  and  into  the  form  of 
energy  producing  brain  work. 

(7)  The  vital  machine  may  produce  electricity  as  one  principal  output 
of  itH  working  processes,  and  probably  by  some  direct  system,  without 
iotervention  of  either  heat  energy  or  dynamical  power. 

(8)  The  vital  machine  may  produce  light  energy  in  substantially 
aDadnlterated  form,  and  by  some  process  which  does  not  involve  either 
high  temperature  or  the  production  of  heat  or  other  energies  to  be 
rejecte<I  as  waste. 

(9)  It  seems  most  probable,  in  view  of  what  has  been  here  collated, 
that  tbe  vital  machine  is  some  form  of  chemico  and  electro  dynamic 
engine.  ' 

We  know  that  the  vital  machine  is  not  thermo-dynamtu  in  the  sense 
of  beiDg  a  heat  engine  of  any  known  class.  We  find  in  electricity  the 
apparently  next  most  available  form  of  energy  for  use  in  transforma- 
tion into  dynamic  and  thermal  iind  other  forms,  and  many  accept  this 
as  a  provisional,  a  working,  liypotbesis.  This  was  long  ago  hinted  at 
by  tbe  greatest  scientitiu  men,  the  greatest  minds,  it  wonhl  perhaps  be 
fair  to  Bay,  that  have  illuminated  the  history  of  the  race.  A  century 
ago  Benjamin  Thompson  (Count  Rumford),  a  keen  "Yankee"  with 
uncontrollable  inclinations  toward  scientific  research,  showed  to  his 
own  satisfaction,  and  to  the  extent  of  proving  to  others  its  probability, 
that  the  animal  system  coustitutei^  a  machine  of  higher  efficiency  than 
vay  Bt«am  engine.'  Joule,  as  long  ago  as  1846,  working  with  Captain 
t^resby,  concluded  that  tbe  animal  motor  "more  closely  resembles  an 
«tectro-magnetic  engine  than  a  heat  engine,"  and  this  is  reaffirmed  by 
Tait  in  our  own  day.*  Sir  William  Thomson,  now  Lord  Kelvin,  in  hia 
papers  of  about  1850,  adopts  theideaof  Joule,  iind  introduces  the  prin- 
ciple of  Carnot,  and  says  explicitly:  "When  nn  animal  works  againHt 
aresisting  force,  there  is  not  a  conversion  of  heat  into  mechanical  eticct, 

<  Rtimfonl's  Essayg,  1800. 
"  Tait'i  Hiitory  of  Thorino-dyu amies. 
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KECENT   ADVANCES    IN"   SCIENCE,  AND  THEIR  BEAKINO 
ON  MEDICINE  AND   SURGERY.' 


By  Prof.  Michael  Fostbe, 

Secrttarg  of  (ke  Royal  Soeietg. 


1. 

Wlii'D  /ifty-fonr  years  atro  the  school  of  Charing  Cross  TTospital 
giithennl  itself  together  for  its  winter  work,  among  the  newcomers 
was  sc  pale -faced,  ilark-hairetl,  bright-eyed  lud,  whose  ways  and  works 
soon  told  hi»  fellows  that  he  was  of  no  coiniuou  mold.  Today  I  am 
abotit  to  attempt  the  fulfilment  of  the  duty,  wbii-h  the  authorities  of 
ILp  suliool  have  done  me  the  honor  to  lay  ui>oii  mc,  of  deliveriug  the 
first  of  the  series  of  lertnres  which  the  school  has  wisely  instituted  to 
kee]>  Hlive,  in  the  minds  of  ihosc  to  come,  the  great  services  which  that 
lad's  strenntms  and  brilliant  life  rendered  to  the  healing  art.  Tlie 
trust  of  the  Ilaxley  Jjectuieship  provides  that  the  lecturer  shall  dwell 
on  "recent  advances  in  science,  and  tbeir  l>earing  on  medicine  aud  sur< 
Sery."  I  venture  toho])C  that  Islnill  be  considered  as  not  really  depart- 
ing from  the  purposi;  of  the  trust  if  I  attempt  to  make  this  first  lecture 
a  sort  of  preface  to  tlie  volume,  or  rather'tho  volumes,  of  lectun-s  to 
come;  aud  since  a  preface  bears  a  different  paging,  and  is  written  in 
a  different  fashion,  fVom  that  which  it  prefaces,  I  shall  besobohl  as, 
with  your  x>erinission,  to  make  the  cliaracter  of  my  lecture  today  dif- 
ferent fh>m  what  I  suppose  will  be  thatof  the  lectures  of  my  successors. 
It  will,  I  imagine,  ho  their  duty  to  single  out  on  each  occasion  some 
new  important  advance  in  science,  and  show  in  detail  its  bearings  on 
the  art  of  medicine.  Each  snc<ree<ling  lecturer  will,  in  turn,  be  limited 
iu  the  choice  of  his  subject,  and  so  assisted  in  his  task  by  the  choice 
of  bis  pretlecessors.  I  to  day  have  no  such  aid.  It  seems  fitting  that, 
for  the  purposes  of  tliis  initial  lecture,  the  word  "recent"  should  bo  so 
used  as  to  go  bacic  as  far  as  tho  days  of  Huxley's  studentship.  If  it 
be  so  used,  I  am  brought  to  face  advances  in  science  affecting  medicine 

and  surgery  so  numerous  and  so  momentous  that  any  adequate  treat- 

'The  Hiiiley  I-ct-tari..     Dfliven^cl  iit  ChnriiiK  Cross  Medical  Kcbool,  Lonilon,  ou 
OctoLpr  r.,  1«H1,  by  pR)f.  Mitbael  FoBtcr,  Sec.  It.  8.    I'riiit6.l  iu  Niituro,  Nos.  H07  and 

i4oti,  vui. :»!,  \tm. 
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mentor  tliem  jw  a  wliole  would  far  exceed  not  only  the  tinieat  my  dis- 
posal, bnt  also,  what  ia  more,  my  powers  to  treat  and  your  patience  to 
hear.  I  will  not  dare  so  hopeless  a  task.  Jfor  will  I  attempt  to  select 
what  may  be  deemed,  or  what  may  appear  to  me,  the  most  important 
of  these  advances,  and  expound  the  bearings  on  medicine  of  these 
ahtoe.  I  ventnre  t4t  ho(ie  I  shall  best  falfill  the  duty  laid  upon  nie.  and 
■w^t  wi(h  Yonr  Jipproval,  if  I  single  out  and  dwell  on  one  or  two  B«n- 
e«l  tWnM-s  snggested  by  the  history  of  science  daring  those  fifty-odd 
y»s*rK 

The  lirst  theme  is  on©  suggested  by  a  survey  of  the  studies  which 
ei  i".>S^  y»Hing  lloxley  in  the  school  here  iu  l&i'2.  Thin  will  bring 
lie;\':v  as  «  si*»i;tl  bearing  on  our  profession  of  the  advance  of  science 
w  >',*■>..  :^.^".'.^h  it  may  not  be  evident  at  first  sight  to  everyone,  is  nevn-- 
lS>**  Nv»i  *;!d  iaiimrtant 

>■*.  i;  I-*.-*  <':  illness  is  to  the  doctor  in  charge  a  scientific  problem,  to 

V  ^v»<\:  '\i  #«-;o;::ifi»-  methods.  This  is  seen  more  and  more  clearly 
J,  .;  ,•.  ').;..>«  o".:;!-*!  nu>re  and  more  distinctly  year  by  year.  Xow,  it  is 
....,■  ;■  .*;  <\».h  siif'tii-e  h;i*.  to  a  certain  extent,  its  own  methods,  to  be 
\v*:  •  oi  >*-t»  i:i  ih.it  scienrt  itself;  and  from  time  to  time  we  may  se* 
».,.fl  ,1  ;;■-■♦;»  t'aiini'ut  in  one  branch  of  science  goes  astray  when  he  puts 
.^.■fl,»;\l  s.'"iitioiisof  pmblems  in  another  bninch,  to  the  special  methods 

V  »;!uh  he  is  a  siranger.  In  nothing  is  this  more  true  than  in  an 
^.>;.'-,-.l  scioin-e  like  that  of  medicine.  At  the  bedside  only  can  the 
v.",  iVihIs  of  »l:ii:»';<l  in-iniry  be  really  learned;  it  is  only  here  that  a.  sin- 
,  ,„.  ^,,,„  j.:,:u  ihat  kind  of  mind  which  leads  him  straight  to  the  heart 

V  ,tiM>its<\  llii»t  y-NiMj'  oriix.  without  wliiih  scientific  knowledge,  bow- 
.\>'>  \;»rH-'I.  hi>w»'ver  awurate,  becomes  nothing  more  than  a  nseless 

-,  ..,:,>!(  .»v  a  d:tngvr\His  snare.    Yet.  it  is  no  less  trne  that  the  uiind 

.  .J  i,^s  Ikvh  itlr^'ady  sharjwned  by  the  methods  of  one  science  takes 

Vivi'i'  will''.  »'"1  that  more  iiuickly.  when  it  is  put  on  the  whetstone 

,  .,«iUi'r  ofivmt*.  than  does  a  mind  which  knows  nothing  of  no  science. 

1  .n.\rt'  Ihan  oiue  inipiiry  in  one  science  has  been  quickened  by  the 

,■,1,1  ,,(•  rt  mind  (inning  fresh  fnmi  the  methods  of  a  quite  different 

.    ,,\     l,\iriill  sciences  are  cognate;  their  methotis  though  diffen^nt 

.^1   >knd  fcrtMin  attitudes  of  the  mind  are  common  to  them  all. 

Lg  IS  this  more  true  than  in  respect  to  the  methods 

profession  has  been  the  mother  of  most  of  the 

iiihlren  are  ever  coming  back  to  help  her.    In  our 

,  socni  to  converge — physical,  chetiiical,  biological 

to  form  the  complete  clinical  method.    This  is  the 

r  that  iKTiml  of  preparatory  scientific  study  which 

the  authorities  makes  longer  and  harder  for  the 

,     It  is  this,  and  not  the  mere  acquirement  of  facts. 

«  ut'i'ded.    Every  day  the  doctor  has  to  lay  hold, 

nitH'haiiical,  physical,  chemical,  biological  facts. 

ich  the  well-trained  mind  can  pick  np  and  make 
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nae  of  tin  it  goes  along  at  niiy  time  »iid  in  any  place;  wbereas  the 
mind  which  is  not  well  trained  will  miss  the  facta  or  pick  np  the  wrong 
oiie-s,  or  put  to  a  wrong  use  even  the  right  ones  which  it  has  ia  Land. 
Novr,  the  ideal  traiuiiig  to  begot  from  jiny  Kcience  is  that  of  purHoing 
inqniry  withiu  the  range  of  the  science  according  to  the  methods  of 
the  scieuce;  in  that  way  only  does  the  spirit  of  the  science  fully  euter 
into  tite  man.  Bat  such  an  ideal  education  is  impossible.  We  are  foiii 
to  be  conteut  in  merely  making  the  student  know  what  truths  in  each 
Bcience  liave  been  gained  and  how  they  have  been  gathered  in,  such  a 
teaching  becoming  more  and  more  effective  as  a  training  the  more  fuUy 
the  Htutlent  is  made  to  tread  in  the  very  steps,  and  thus  to  practice  the 
methods,  of  those  who  gained  the  truths. 

The  more  complete  the  body  of  any  one  science  the  more  useful  does 
tli-.tt  acience  become  as  a  means  of  training,  and  hence  it  is  that  advance 
of  science  has  a  double  bearing  on  the  medical  profession.  Aa  each 
science  grows,  not  only  does  ItM  new  knowledge  bring  to  the  doctor  new 
facts  and  new  ideas,  new  keys  to  open  locked  problems,  and  new  tools 
to  use  day  by  day,  but  the  inc4>rporated  knowledge  gains  greater  and 
greater  power  as  an  instrument  to  train  his  mind  rightly  to  use  all  the 
facta  which  come  before  him. 

Let  me,  in  the  light  of  thin  view,  call  your  attention  for  a  moment  to 
the  yoke  of  compulsory  studies  under  which  the  young  Huxley  had  to 
bend  bis  somewhat  unruly  neck,  and  compare  it  with  the  like  yoke 
which  presses,  heavily  it  seems  to  some,  on  the  neck  of  the  young 
student  of  to-day. 

I  have  not  been  able  to  find  an  exact  record  of  the  course  of  studies 
pursued  by  Huxley  himself  at  Charing  Cross  iti  the  years  1842-1845, 
hut  I  have  been  privileged  to  examine  the  stained  and  tattered  sched- 
ule of  the  College  of  Surgeons,  duly  "  signe<l  up,"  for  the  years  1814- 
1817,  belonging  to  one  who,  during  some  of  those  years,  sat  by  Hux- 
ley's side,  who  was  then  and  afterwards  his  friend,  and  who  has  won 
hotior  for  himself  and  for  your  school  under  the  name  of  Joseph  Fayrer. 
I  find  that  young  Fayrer  attended  during  his  first  year  a  course  of 
at  least  140  lectures  wilh  100  demonstrations  on  anatomy  and  physiol- 
ogy, a  course  of  not  leas  than  70  lectures  on  materia  niedica,  a  course 
of  lectures  ou  the  practice  of  surgery,  ami  a  course  of  "The  ])ractice  of 
physics,"  each  of  not  less  than  70  lectures,  and  a  course  of  hospital 
practice  in  surgery  of  not  less  thau  nine  months.  In  his  second  year 
he  again  attended  the  140-lecture  course  on  anatomy  and  physiology, 
and  the  70-lecture  course  ou  the  practice  of  surgery,  and  again  hospital 
practice  in  surgery,  taking  as  well  a  70-lecture  course  in  chemistry,  a 
hke  course  in  midwifery  and  hospital  practice  in  medicine.  In  his 
tbirdyear  he  once  more  attende*!  the  140-lecture  course  in  anatomy  and 
physiology,  bnt  no  other  systematic  lectures;  the  rest  of  his  time  was 
devoted  to  hospital  prjvctice.  To  these  demands  of  the  college  of  sur- 
K«oa»  we  ought  to  odd,  in  the  caseof  the  ordinary  fitndent,  the  demands 
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lit  11 iii|iiiii,v  iir  ii|Nilliecark-B;  bat  tbe  raaia  addiam  tkos  vamsti 

HiMilil  III-  II  <-iiiii'Hti  (if  Imtilii.V. 

Hiii-li  II  ■■iti'i'l<Miliiiii  <)ill'('rK  widely  Ixitli  in  nalore.  cstirat.  ud  ovdn 
I'miti  Miiil  111  r<iii'<>  at  Mm  preoeiit  day.    But  I  veDtmv  It  thmk  that  if 

wi<  <'ii,iiMliii>flM>i ilJtiouHortbu  time,  we  shall  find  thai  the aath»nties 

■il'  I  lull  iliiy  wi<H>  iiH  wJKt'  iiH,  |ioHNibIy  wiser  than.  w«  of  i»-day.  In 
jililltliiU  Hiii'li  iiiiKloi'H  IIH  tlieao,  we  and,  perhaps,  espwiaUy  tbey  who 
uoiild  iliho  llio  HtniliMit  III!  into  Ii-arning  by  tbe  goad  of  conpalsioii, 
liiitnl  li»<ii<lii  nilml  tliivl  l('Ktxliitiv('eiiactnient8,i4uch  as  those  pre:^cTibiDg 
It  oiii  I  ii'iiliini  111'  nHidy.  tilwii.vH  exhibit  a  lonp  latent  |ieriod:  they  cone 
mill  MHiiilo  i>\iHli<ni'<<  Il  111  K  11  Iter  tbe  ntimnlus  which  begat  them  has 
timn  it|i|ilii'>|,  limit  iiMor  till-  iiwd  of  those  tliingR  being  done  which  the 
rii.ioniiKiitn  xliivr  In  di>  biif  bran  fHt^  So  long,  indeed,  is  the  lutent 
(iiiiiiil,  (liiti  ttdi'ii  luMv  tiiMsln  biive  arisen  calling  for  yet  other  regnla- 
(liiiin  bii.iiit  lliti  iiltl  iiiK'M  iip|MiinI<>(l  to  mwttlioold  needs  have  got  into 
VMiikliiu  oiilru  UmiilnK  Ibis  in  mind,  wo  nball  And  that  the  coarse  of 
sliiil.\  |iii>M<iilii>i|  III  I1ii\U>.\'h  tinu>  wus  wisely  chosen  to  meet  the  needs 
III,  111  liMNi,  llio  lliiitt  Ininii-dinlcly  iirecetliiig  that,  if  not  indeed,  the 
liiiii>  it».<li, 

Il  \Mll  Itii  iibnoi'voit  Oiitt  Ihn  study  of  phyHics,  or  as  it  was  then  more 
■'<ii>ii<iiiii1>  hiIIkiI  iiiittinil  pliilosnphy,  lliids  no  place  whatever  in  yonng 
I'ltj  U'lB  miIkiIiiIo,  mid  tlint  (lio  oim  short  conrse  of  chemistry,  witboat 
iMi.t  pimtiMil  ni>tiiii'iii>i),  whii  II  Up  attended  was  taken  in  his  second 
>i>iii  III  IliK  iiii<ld1i\  ii!i  ji  nt'n\of  bis  curriculom,  when  he  was  already 
adt.iii.vil  hi  )iu.  III. 1.1,0  Mmh.-v 

A I  iliti  inoM'iit  (iiiiit  i1ii>  ^.■il'n,1<.■i  of  physic*  and  chemistry  have  each 

ol  llioiit  di>\tt|i>iH'd  iiii,i  ,\  li,\d\  of  losicully  coordinate  trntba,  iiimish- 

liifi  nil  iii^iiiiiiii'iii  111  )n«.'iilic>r  \,thu'  tor  Ihc  training  of  tbe  scientific 

tniiiil,     MiiMMvoi  I  111'  iiii'iIi.hIk  111'  it^iti-liing  have  developed  in  no  less  a 

lUni'i',  Ml  (Uiit  III  ilu'  UtU>i^»i.ir)  III*'  Kiudont  follows. at  along  distance 

ir   i.t  dill',  but  !.  ill  uOl.tw.i  tlio  >ii'ivi  of  those  wbo  have  made   the 

t.i'ii<)i>f ,  and  li.i- :ii  bv)»\i  lUo  i>{'!vMiiuii(>  of  Cittching  something  of  the 

f|iiiic  lit  -..I, III  III,'  iii,|iiu\,     lit  (Ills  oliii^tiiomtl  valne  of  these  sciencea, 

rxtin  iii.iiv  ili^Mi  III  tin.  prAcii.^tl  ii!;:iiy  of  :i  knowledge  of  the  mere 

liu'i'.  of  ilir  •^■i.'ii.vA,  iii-xMt  av  ili.ii  i„;,y  Ih\  lies  the  justification  of  the 

■t\  di-x.i.m   I,.  j-.upr\tvc  the  profession  by  ititro- 

..>n  i;;!i>  tlio  sMi-.ii;^  t.^r  t'Kistence.  insist  tbat  all 

I  b.\»',;i  nf  -.bcir  ;<:;,'\v  men  are  to  l>e  intrusted 

li\iNi  ^*^■, .,-;:■,;•  j;  4«f  (^.o  s^'ioncvs  in  ipiestioD. 

V>s  Nf,\.!i';i:>.V-s>  K>:li  thost*  st-ienws  were  in  a 

i!.     \'\:o  t:nt.-,;t  ss  ;iui\».»s  one  of  great  awaken- 

iii.'.iU  wi-ri'  !>;!s>  ,<;v;--.:!:  isji  the  bidden  powers 

'a  ,v»i«rs  Iv  ;.>!v  1".»:,i,:j>  ha.)  rnwle  an  e|Kwh  by 

itrry-;:s:  l.i>  mv..i  .-:::,  rs  w,^  >:;;i  ni)kidly  extend- 

le  i>"-><""*"-*I  o-.'.T.-\»'.;;t>  o:  « " -,  h  ira*  the  introdao- 
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sweep  in  electric  Rviencp  Hitice  then;  bow  groat  tlio  atlvaiicc  iit  nil 
braoches  of  physics!  To  realize  the  great  gap  which  separates  tlio 
physics  of  to-day  from  the  physica  of  then  cue  has  only  to  call  to  niiiitt 
tbat  the  world  ha<l  yet  to  wnit  sonio  years  before  Mayer,  and  Joalo, 
and  Helniholtz,  and  Grove  had  Haid  their  say.  In  the  books  which 
taaght  young  Haxley  the  laws  of  physics  he  iband  nut  a  wonl  of  that 
great  law  of  the  conservation  of  energy  which,  like  a  lamp,  now  gnides 
the  feet  of  every  physical  inquirer,  whatever  be  the  special  path  along 
which  he  treads. 

In  chemistry  much,  too,  was  heing  done.  That  science  van  in  the 
first  Hush  of  success  in  its  attack  on  the  mysteries  of  organic  com- 
pounilH.  Liebif!,  Dumas,  and  others  were  rapidly  making  discoveries 
of  new  organic  bodies,  and  dealing  with  types  and  substitution,  were 
beginning  to  make  their  way  into  the  secrets  of  cliemical  constitution; 
bnt  then,  as  indeed  for  a  long  time  afterwanis,  progress  was  tiiking 
the  form  of  the  accumulation  of  new  facts  interesting  and  eminently 
nscfnl,  but  still  mere  facta,  rather  than  of  the  gaining  of  insight  into 
those  laws  of  chemical  change  of  which  the  faints  are  but  the  expression. 
And  the  brilliant  success  of  purely  organic  chemistry  wan  somewhat 
prejudicing  those  inquiries  in  regions  where  phyttics  and  chemistry 
touch  hands,  which  in  these  latter  days  are  producing  such  striking 
results. 

In  the  days  of  Huxley's  studentship  neither  of  these  sciences  pre- 
sented such  a  body  of  truths  as  could  be  readily  used  as  an  engine  of 
mental  training,  nor  had  the  educational  mechanism  for  thus  employ- 
ing them  been  develoi>e(1;  a  chemical  laboratory  for  the  student  was 
as  yet  hardly  known,  a  physical  one  wholly  unknown.  The  profession 
tnmed  to  these  sciences  chiefly  for  the  otility  of  the  facts  contained  in 
them.  The  facts  of  physics,  with  the  exception  of  thoHe  of  mec^hanism. 
were  but  rarely  appealed  to,  and  if  those  of  chemistry  were  in  more 
common  use,  it  was  because  they  threw  light  on  the  mysteries  of  the 
phannacopteia,  rather  than  becaiiae  they  helped  to  solve,  the  problems 
of  the  living  botly.  Hence  the  authority,  not  witliont  cause,  demandetl 
of  the  student  no  physics  at  all,  and  asked  for  chemistry  only  in  the 
midst  of  his  course,  when  its  facts  might  help  him  to  nnderstand  the 
nature  of  the  drugs  which  his  clinical  studies  were  already  biddiug  him 
ntie. 

As  regards  the  biological  sciences,  the  time  was  also  one  of  change, 
or  rather  of  impending  change;  the  causes  of  the  change  were  at  work, 
bat  for  the  most  part  were  at  work  below  the  surface ;  their  elTectK  had 
not  yet  become  obvious. 

In  natnral  history,  in  what  we  sometimes  now  call  biology,  in  botany, 
zoology,  and  comparative  anatomy,  the  activity  in  systematic  and 
•lesoiptive  work  was  great.  The  sun  of  the  great  Cuvier  was  setting, 
but  that  of  onr  own  Richard  Owen  was  at  its  zenith;  new  animal 
^i^nQB,  receat  and  extinct;  were  daily  being  described,  the  deep  was 
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n—  .-J  1 '  :>  TT*«<ureh.  nrv  ]tlai>l»  wd  nrv  beirtw,  brought  borne bf 
«iir-.-.?r~<.  TTvvrVTN.  vYn  Wiiip  dulr  in-reetieated.  Hot  this  wasonW 
a  -  .:T.:t»:i.>i.  (•'  Tim-  bat.  intai  pitmpoti  long  before. 

'  '  '.ir  r^-u  bi'iK^K  reridsuio.  vluRk  WM  aboat  to  come,  there  tu 
=>  C  M- ii:iii'i.  n^'-vfi  fcMjn  11 '^iM'fiCirMrheB  Huxley  took  his  seat  on  tbe 
l~:.i!-3;f  » ■?«*■  l*wn*«*^  TUnnpi  L'Bic-lef  It^rvia  vta  already  brooding 

••;  lilt  lofap  w'ui-A  Iwi'  nimt  '<i  liu  n  bi«  loop  voyage. 

Tt<.  rTf*i  tiiaapfri.  i'i'Tt'(»K:.  ^wut-  already  Iteginoing — one  doe  to 

Titt  morj'ii-inc-ii-it  f-mi— '>Timft-  (if  Tlook  Von  Baer.  in  bis  "  Hiatoiy 

TKTcioiuneir. '  i'->L  i^ti.   -m  ji«naaC)iai«.  destioed  to  make  a  nw 

L  -rnit  t«;  Miiinut  i<n»-  *««  »«"»?  oranl  *armard  by  Johannes  Miil- 

;■  iTt'rBj.t!  •    i»"!t-:"  *a*"'  ""^  *'"  <  Jl«Bili<"«  of  Carpenter,  they  li»d 

i'   1"    ''It-  ^i-'   ^  '^""  -"uiiTT-    ^f*hv%,  indeed,  had  they  pn>- 

-  .^,     7,,.  Kui  1 1».  )Mriuii>f-V'Bsx>rhoB8el^va8  to  adraoee 

r        -.•.   *  I..--— :.'crt;-.  ^f»-  *-  "-'  ungrestpfcat.    Xor,  in  s^teoftbe 

^,,    ■,    '  ..:    l<w^    i.imwirL  Vy  ABea  Tbmnson,  and  by 

...  •  ■    ,         TiHbi-  suu-i  liTupvatL    Kollika',  to  whom  the 

j,_j.       .,,,    ,p.  -  .-■  I— .Tito.  3w  Bw.    Still  tbe  new  ideas 

..u-:-'"  v-ft-    "^    ;  -..ir^  fTtwi.  bytiiei»i»ovementsin 

, ,,      T..     <-",—  n -rir;  SukTwy-diaooTWing  thatemi- 

„..      ..1^-.      ''xr    >i":(ni..  inasdtbat  a  simple  lens 

,.^..  .  -.    H-.   iji-  utfn  otwpoa&d  microscope. 

_  .^         .„  .,-   ..>•- ::u^'-a  jJace.  and,  daring  the 

,  — I.   at:>ruvu^  infAuBcnts  yielded 

^  ^a-i  virg>;ci±^  life.    Prominent 

;  •»  !*  i_^r^r;lc««i  ksoviedge  of  the 

_  '\  ..  ^'vfs  J.  D«St  Hnxley's  teacher 

'^•r  ail  s£  x»aiMt>«s  and  epodi- 

^  ,.  _  ■:  :!:•- i.>ril  ;a--vnr  Iw  Schwann  and 

.    .  "  •   '•>  .:<  ■  '••)!«.  aotj  iMweorless  con- 

,.      .    =.  r  .r.>  .ir-*rr::.r..Mi  bj  Voa  Hohl  of  the 

...  :  .--    .'7•^.:^cc:oQ>K*;a*  word. which, 

,  ^.        >'.  i-^  :  .•; 'U'.'^  !>coi>>«3d  indn«ice<Hi 

^      . . ;  iirr.*.   i~v  won!  ;*n>cof>lasaL 

i>  i.  *.-  V  :'-'»l-'I^  th*  coJl^te  of  Bxa- 

.     V*.*;-  -.-  •:  ■'^^>«  «fc»»i«  a»>  fon«al  demand. 

^  ^   :>  - 'a-v -:t  :j«  I«vtijuv«ooanatomy  and 

..<.   ,.    :,■  .,tai.  -Aii'-ns.  bat  only  a  small  iMui. 

ii  ->..(  :<t-.i  n.ni:ca  h;Ml  by  rastom  license 

^     .  -a;;-^.  jad  the  student  in  learniDg 

"    "~      ^        s.  ■  *  i  :-  ?*^  >"  heter«?reii©o«3  natural  his- 

^     '    '     '~  .^^_     .   ;  :,f  rb^mian^i-ia  of  csstorenn 

^J  ^  -^(j^  ^  ^^jiaisitio*  on  U»  bioh^y  of  the 
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Bat  JD  this  the  end  in  view  was  the  acqiusitiou  of  facts,  not  training 
in  scientific  conceptious  and  wnjB  of  tiiought. 

The  botany,  it  is  true,  wbicli  unasked  for  Uy  the  College  of  Surgeons, 
was  iuslBted  upon  by  the  company  of  apotliecariea,  thougU  made  com- 
pnlsory  ou  utilitarian  grounds  as  an  appendage  to  and  introductiou  to 
the  Pharmacopotia,  did  serve  the  student  in  an  educational  way,  teach- 
iag  him  bow  to  appreciate  likenesses  and  difToreuces,  even  small  ones, 
and  how^  to  distinguish  between  real  and  superficial  resemblances.  But 
the  time  lie  spent  on  this  was  too  brief  to  make  it — save  in  cases  wliere 
a  special  enthusiasm  8te])ped  in— of  any  notable  eflect. 

Of  the  then  conditions  of  that  biologic  science  which  comes  closest 
to  the  i>rofeasiou  of  physiology,  I  will  venture  to  say  a  few  words, 
though  I  will  strive  to  cnrb  my  natural  tendency  to  dwell  on  it  at  too 
great  a  length. 

A.  i^reat  master — Johannes  Miiller — had  a  few  years  before  written  a 
great  work,  The  Outlines  or  Physiology ;  a  work  wliicb  the  wise  ))hysi- 
olo^st  consults  with  profit  even  to-day,  noting  with  admi>-ation  how  a 
clear  strong  jadgment  may  steer  its  way  through  the  dangers  of  the 
unknown,  and  the  still  worse  perils  of  the  halfknown.  A  study  of 
that  work  teaches  us  the  nature  and  extent  of  the  advanced  physiology, 
which  at  that  day  an  accomplished  teacher  like  Wharton  Jones  might 
put  before  au  eager  student  like  Huxley,  and  we  may  infer  what  the 
ordinary  teacher  put  before  the  ordinary  student,  each  perhaps  then, 
as  since,  eager  neither  to  give  nor  to  tiike  more  than  the  statutory 
minimnm. 

When  we  look  into  the  past  of  scieuce  and  trace  out  tlie  first  bud- 
dings of  what  afterwards  grow  to  l>e  umbrageous  branches,  it  some- 
times seems  as  if  evefy  time,  and  almost  every  year,  marked  an  epoch ; 
it  seems  as  if  always  some  one  was  flndiug  out  something  which  gath- 
ered into  greatness  as  the  following  years  rolled  on.  But  even  bearing 
this  caution  in  miud,  the  end  of  the  tliirties  and  the  beginning  of  the 
forties  of  the  present  century  do  seem  to  mark  a  real  e[>ocb  in  physi- 
ology. All  along  the  line  accurate,  careful  observation,  4]uickcncd  by 
the  rapid  growth  of  the  coguate  sciences,  was  taking  the  first  steps  to 
replace  by  soand  views  the  sterile  discussions  and  scholastic  disquisi- 
tions which  had  hitherto  formed  too  large  a  part  of  physiological  teach- 
ing. The  first  steps  had  beeu  taken,  but  the  most  marked  advance 
was  yet  to  come. 

Though  the  observations  of  Beaumont  had  a  few  years  before,  by 
proving  that  gastric  juice  was  a  reiil  thing,  aud  demonstrating  its  prep- 
pies, shown  the  nature  of  digestion  iu  its  true  light,  tlie  older  fermenta- 
tive and  other  theories  were  not  yet  abandoned  by  all.  Though  the 
i^uversion  of  starch  into  sugar  had  been  recognized,  and  i>epsiu  had 
been  discovered,  the  exact  action  of  the  digestive  juices  had  yet  to  be 
learned;  that  of  pancreatic  juice  was  almost  uukuowu,  and  bile  still 
I'vigned  as  the  kiug  of  eut«ric  secretions. 
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In  tbe  physiology  of  respiration  the  view  that  the  carbonic  add  of 
expired  air  was  formed  in  the  lungs  by  the  oxidatiou  of  the  carbon  of 
tbe  blood,  still  foand  strenuous  support;  for  Johanoes  MUller  foand  it 
necessary  to  argue  at  great  leugth  that  the  researches  of  Magnns  on 
the  gases  of  the  blood  bad  placed  the  matter  in  its  true  light.  It  had 
been  suggested  that  the  re<l  corpuscles  were  in  some  way  also  special 
carriers  of  oxygen  from  the  lungs  to  the  tissues,  bat  MQller  could  not 
regard  this  as  anything  more  thau  a  mere  supposition. 

When  it  is  borne  in  mind  that  injection  with  mercury  was  the  one 
method  employed  for  tracing  out  tbe  course  of  the  lymphatics,  it  will 
be  readily  understood  how  imperfect  was  the  then  knowledge  of  the 
lymphatic  system.  And  when  it  is  also  remembered  that  thoogb 
Dntrochet  bad  long  before  used  osmosis  to  help  in  the  interpretatdoD  of 
the  movements  of  liqnids  in  living  tissues,  the  exact  reseuehes  of 
Graham  had  yet  to  come,  it  will  also  be  understood  why,  when  questions 
of  absorptions  and  cognate  questions  of  secretion  came  nnder  consid- 
eration, they  were  dealt  with  as  que.stions  in  such  a  condition  are  dealt 
even  nowadays;  mucii  was  said  about  them  because  little  was  known. 

Though  Poisseaille,  taking  up  tlie  matter  where  it  had  been  left  by 
Stephen  Hales  in  the  foregoing  century,  had  begun,  and  the  brothers 
Weber  were  .just  continuing,  tbe  work  of  placing  onr  knowledge  of  liie 
mechanics  of  the  circulation  on  a  sound  and  exact  basis,  and  though 
the  then  teaching  of  tbe  mechanical  working  of  the  heart  did  not  differ 
widely  Irom  that  of  to-day,  the  gap  which  separates  the  then  knowl- 
edge of  the  circulation,  even  in  its  mechanical  aspects,  from  that  which 
we  possess  to-day,  is  »eeii  in  all  its  width  when  I  remind  you  that  Carl 
Ludwig's  first  paper  was  not  pubbahed  nntil  Huxley  had  ceased  to  be 
a  stndent — until  the  year  1845.  As  to  all  that  great  part  of  the  physi- 
ology of  the  vascular  system  which  concerns  its  government  by  the 
nervous  system,!  will  only  say  that  in  Miiller's  great  work  may  be  read 
the  pages  in  which  he  deals  \rith  tbe  conflicting  opinions  and  indecisive 
observations  as  to  whether  tbe  brain  and  spinal  cord  have  any  infln- 
ence  over  the  heartbeat,  and  in  which,  marshaling  with  logical  force 
the  arguments  for  and  against  the  O])iiiion  that  the  blood  vessels  have 
muscular  fibers  in  their  walls,  finally  decides  that  they  have  not. 

In  the  physiology  of  the  nervous  system  a  momentous  advance  had 
been  made  some  few  years  before,  in  the  early  thirties, by  the  introduc- 
tion, through  Marshall  Hall,  of  the  idea  of  refies  action.  This  was 
rapidly  supplying  tbe  key  to  many  hitherto  unsolved  physiological  and 
clinical  problems.  The  special  functions  of  the  several  cranial  nerves 
were  being  worked  out  by  Mnjendie,  Ueid,  and  others.  The  former 
(with  noarena)  was  also  making  many  experimental  researches  on 
cerebral  lesions;  and,  in  another  line  of  inquiry,  Bidder  and  Volkmann 
were  preparing  the  way  for  discoveries  to  come  by  their  imxMirtant 
studies  on  the  sympathetic  system.  The  physiology  of  the  senses  was 
being  vigorously  pnshed  forward  by  Johannes  Miiller;  bat  tbe  reader 
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today  of  MtiUer's  volumes  cannot  bat  be  strack  with  the  smallDeBS  of 
the  space  (if  we  omit  all  that  deals  with  the  senses)  which  he  allots 
to  the  nervous  system  when  we  compare  it  with  what  is  demanded  in 
the  present  day;  and  no  little  part  of  even  that  limited  space  is  taken 
np  with  a  consideration  of  the  laws  of  those  "  sympathies"  which  gave 
to  the  sympathetic  nerveH  their  name,  bnt  which  have  long  since 
dropped  ont  of  sight. 

Ijaatly,  it  must  be  remembernd  that  many  of  the  speculations  of  the 
preceding  part  of  the  century  had  remained  barren,  and  many  investi- 
gatioDS  had  gone  astray  through  lack  of  kuowletlge  of  the  miuuter 
changes  which  lie  at  the  bottom  of  physiologlcid  events.  Those  minuter 
changes  could  not  but  lay  hidden  so  long  as  there  was  no  adequate 
knowledgeof  miuutestructure.  1  have  already  referred  to  tbe  improve- 
ntentfl  of  the  microscope  taking  place  in  tbe  thirties,  atid  this  soon  bore 
fruit  in  the  rapid  growth  of  that  branch  of  biologic  science  oitce  called 
general  anatomy,  later  on  microscopic  anatomy,  and  now  best  known 
by  the  name  of  histology.  It  is  well-nigb  impossible  to  exaggerate  the 
importance  of  a  histological  basis  for  physiological  deductions;  it  is 
oue  of  tbe  chief  means  through  which  progress  has  been  made  and 
must  continue  to  be  made.  In  tbe  earlier  days  of  physiology  the 
grosser  features  of  structure  forming  the  subject- matter  of  ordinary 
anatomy  guideii  the  observer  to  the  solution  of  problems  about  func- 
tions; bnt  after  a  while  these  became  exhausted,  having  yielded  np  all 
they  bad  to  yield,  and  in  due  time  their  pliice  was  taken  by  the  finer 
features  disclosed  by  the  microscope.  These  show  as  yet  no  signs  of 
exhaustion,  and  we  may  look  forward  in  confidence  to  tlieir  standing 
as  in  good  stead  for  years  to  come.  Wc  may  expect  them  to  last  until 
we  pass,  insensibly,  from  tliat  molecular  structure  which  makes  itself 
known  by  optical  changes  to  that  ftncr  molecular  structure  which  is 
only  revealed  by  and  inferred  from  its  eBccts,  which  is  an  outcome  of 
the  ultimate  pro[ierties  of  matter,  and  which  is  the  condition,  and  so 
the  cause,  of  all  the  phenomena  of  life. 

The  early  forties  of  tbe  present  century  may  be  tjikeu  as  marking 
the  rapid  rise  of  histological  inquiry.  It  is  true  that,  even  before  this, 
the  labors  of  Ileiile  had  gone  far;  that  in  thi:^  country  the  brilliant 
Bowman  had  already  (in  1840)  given  to  the  world  his  classic  work  on 
tlie  structure  of  striated  muscle,  and  a  little  later  (IS42)  bis  hardly  less 
important  work  on  the  structure  of  the  kidney;  that  the  sagacious 
Sbarpey  had  embodied,  in  Qnain's  Anatomy,  a  whole  host  of  impor- 
tant histological  observations,  and  that  many  others  were  at  work. 
Nevertheless,  one  has  only  to  remember  how  closely  the  progress  of  his- 
^logy  is  bonnd  np  with  tbe  name  of  Kiilliker,  and  to  call  to  udnd  that 
Kiilliker's  first  paper  was  not  published  until  1841,  to  see  clearly  bow 
ffineh  of  our  present  knowledge  of  histology  and  all  that  that  brings 
with  it,  has  been  gathered  in  since  Wharton  Joues  taught  it  to  the 
young  Huxley. 
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If  ttie  gap  wliicli  parta  the  physiological  learuitig  of  that  time  from 
tbe  liiurniiigof  to  day  is  great,  Htill  greater  is  the  gap  in  tlie  teschiug. 
Thoagh  nt  Ohariiig  CrosK  and  in  some  other  schools  a  course  of  physi- 
ology wa»  givvu,  apart  from  that  of  anatomy,  this  was  not  separately 
recognized  by  the  College  of  Snrgeons;  it  demanded  simply  a  cotiree 
of  auatoniy  and  physiology,  of  which  the  lion's  share  fell  andoubtedly 
to  anatomy. 

In  accordance  with  this,  in  most  schools,  at  all  events  the  greater 
part,  and  iterliaps  the  sounder  part  of  the  physiology  taught,  was  that 
which  may  be  deduced  from  anatomical  premises.  Where  the  teacher 
went  beyond  this,  he  iti  most  instances  at  least  wandered  into  academ- 
ical disquisitions  and  sterile  discusaious.  Only  in  rare  hands,  such  as 
those  of  Wharton  Jones  and  William  Sharpey,  was  the  subject  ao 
treated  as  to  he  of  any  real  use  as  a  mental  traiuiug  for  the  medical 
student  preparing  his  mind  to  view  rightly  biological  problems.  The 
science  was  not  as  yet  sufflcieutly  advanced  to  be  an  educational  engine 
which  could  be  safely  intnusted  to  the  ordinary  teacher's  use.  Antl  tlie 
method  of  teaching  it,  happily  recognized  now,  which  alone  insorcB  the 
salutary  influences  of  the  knowIe<lge  acquired,  that  of  following  out  in 
the  laboratory  the  very  steps  along  which  the  science  has  trod,  was 
then  wholly  unknown.  It  was  as  a  brilliant  favorite  pupil  that  young 
Huxley  was  encouraged  by  Wharton  Jones  to  use  tlie  microscope  him 
self,  and  study,  among  other  things,  the  structures  of  hairs;  he  was  not 
led  to  it,  as  one  of  a  Hock,  in  a  practical  course. 

Indeed,  une  kind  of  knowledge  only  was  at  that  time  demanded  of 
the  medical  student,  in  such  <iuantity  and  in  such  a  way  as  to  render 
the  study  of  it  a  real  mental  training.  Kot  in  one  year  only  of  his 
course,  but  in  each  year — iu  bis  first,  his  second,  and  his  third  year — 
was  tlie  student,  who  hoi>ed  to  obtain  the  diploma  of  the  college,  com- 
pelled to  attend  lucturpj^,  each  course  consisting,  not  as  in  other  subjects 
of  seventy,  but  of  double  that  number  of  lectures,  on  what  was  styled 
anatomy  and  physiology,  but  was  in  the  main  what  we  now  call  anat- 
omy. Moreover,  tlie  student  learned  even  theu  his  anatomy  iu  the  same 
way  that  he  is  bid  td  le^rn  alt  other  subjects  now,  not  merely  by  listen- 
ing to  lectures,  or  even  by  witnessing  formal  demonstrations,  but  by 
individual  labor  in  the  laboratory — in  that  laboratory  which  we  call  a 
dissecting  room.  Nowadays  it  may  seem  strange  to  insist  that  the 
student  sliould  be  studying  anatomy  during  all  the  three  years  of  his 
curriculum,  down  to  the  very  end  of  his  studentship.  But  we  must 
admit  the  wisdom  of  it  theu.  At  that  time  human  anatomy  was  the 
one  branch  of  knowledge  which  had  achieved  anything  like  complete 
development,  and  which  successive  generations  of  able  teachers  had 
shaped  iuto  an  engine  of  men  tut  training  of  the  highest  value.  It  was 
then  the  mainstay  of  medical  scientific  teaching.  It  was  in  the  diiuect- 
ing  room   that  the  student,  of  the  time  of  which  we  are  speaking, 

quired  the  mental  attitude  which  prepared  him  for  the  bedside.   He 
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tbere  learned  to  observe,  to  describe,  to  bo  accnrato  and  exact,  and  the 
time  spent  there  was  wisely  Judged  to  bo  the  most  precious  of  hin 
apprenttcesbip.  The  shaping  of  his  mind  by  help  of  orderly  arrange<l 
facts  was  perhaps  even  of  greater  valne  than  tlie  mere  acquisition  of 
the  facts,  important  as  this  mif^lit  be. 

The  authorities  of  the  time  were,  I  venture  to  repeat,  Iti  my  opinion 
wiser  lu  their  geaeration  in  making  this  well-developed,  accurately 
taught  science  of  anakoiiiy  the  backbone  of  the  medical  student's  edu- 
cation; they  were  wise  in  making  relatively  tittle  demand  ou  the  student 
in  respect  to  the  oHier  sciences  cognate  antl  preparatory  to  nieilicine, 
the  value  to  him  of  which  consisted  then  chieHy  in  the  facts  which  they 
embodied;  they  were  also  wise  in  giving  him  leave  to  defer  his  ftUidy 
of  them  antil  his  knowledge  of  something  of  the  needs  of  his  future 
profession  shoald  have  opeued  his  eyes  to  the  valne  of  those  sciences 
as  mere  records  of  facts. 

I  also,  however,  venture  to  think  that  the  advance  of  these  sciences 
since  then  has  greatly  changed  their  bepring  towards  the  medical  stu- 
dent, no  less  tbau  towards  medicine.  What  was  wisdom  in  the  fore- 
fathers is  not  necessarily  wisdom  in  us  the  children.  1  have  no  wish 
to  take  advantage  of  the  occasion  of  tliis  lecture  to  make  an  excursion 
into  the  troubled  land  of  medical  education.  But  I  feel  sure — iiuleed 
1  know — that  I  am  only  saying  what  the  man  whose  name  these  lectures 
bear  always  felt,  and  indeed  often  said,  when  I  suggest  for  consideration 
the  thought  that  while  some  choice  out  of  that  a<Ivandng  tlood  of 
science  which  is  surging  up  around  us,  iind  all  of  which  has  some  bear- 
ing on  the  medical  profession,  some  choice  as  to  what  must  he  known 
by  him  who  aspires  to  be  the  instrnment  of  the  cure  and  prevention  of 
disease  is  rendered  necessary  by  the  struggle  for  existence — a  decided 
and  even  narrow  choice,  lest  the  ordinary  mind  be  drowned  iu  the  waters 
which  it  is  bid  to  drink.  In  making  that  choice,  we  should  remember 
that  an  attitude  of  mind  once  gained  is  a  possession  for  ever,  far  more 
Itrecions  than  the  facts  which  are  gathered  in  with  toil,  and  Hee  away 
with  ease.  This  should  bo  our  guiding  priuci[de  in  demanding  of  the 
niedical  student  knowledge  other  than  that  of  disease  itself. 

The  nsefulness,  and  so  the  success,  of  a  doctor  is  largely  dependent 
on  many  things  which  belong  to  the  profession  viewed  as  an  art,  on 
<luicknesHof  sight,  promptness  of  decision,  sleight  of  hand,  charm  of 
manner,  and  the  like— tilings  which  can  not  be  taught  in  any  school. 
But  these  are  in  vain  unless  they  rest  on  a  sound  and  wide  knowledge 
of  the  nature  of  disease,  on  a  sound  and  wide  grasp  of  the  science  of 
pathology;  and  this  can  be  tanght.  By  a  sound  and  wide  grasp,  I  mean 
^nch  a  one  as  will  enable  him  who  has  it  to  distinguish,  as  it  were  by 
insight,  among  the  new  things  which  almost  every  day  briogs  to  him 
that  which  is  a  solid  gain  from  that  wliich  is  a  specious  falla<'y.  Hudi 
Bgrasp  is  only  got  by  such  a  study  as  leads  the  mind  beyond  the  facts 
into  the  very  spirit  of  the  science. 
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Bnc  w'lar  t*  -ail  i«'aoMier  --  *  Haneti — »  wufe  aad  reeondite 
'iraucii-  "ic  -nil  i  >nu<  ri  tt  m^r  .uc^r  tngiiM  wiueb  ve  «li  physi- 
■iloirr-  r.^h-r- -111- ittin.-  nt^'jinbt. '»n:^pli«»th«a  fa>  special  prob- 
'jemm.  .■*»!  mu-u  m*  nn»  -wn  mi*  "Hat  r  -voniii  tfawbCiiM*  be  po»ble  to 
-vafii  wniiiidir^  '•■  mm  ■'in  cifw-  m  pur*«)l»e7':  sk^  a  one  vonld 
'icam  7ii-^.>i.'iiT-  mawnn-*,  3.u  is  i  jrt-ar  «n«Ke  .rf  ewe.  Foe  phj-si- 
ttldtT"-  -o  t.-  liuniwr  ■^".!^.  )»-;ni  lUtw.  Jiie  'aim— t  aCTaiuzed  into  so 
^luEnM  w'lii -h  •an  if  i^wi  <ir  t^min^  ~lit>  siintl  -(lueklj- and  easily  ioto 
-h«  ■*" •r^'' "I'l  3M^iii»L>  ir  -r-if  -i;u:nt'Mi-r<^  imittiry.  Tke  teaching  of 
U"  .M  in  :iirT»itt!iiT;iin  i*  t-.trwHur^  >  m  •m-'^dimbt  •*(  line.  Iliat.  I  take 
;C.  t  ■'iini'ml.-itiii   •«    ax-u;!.'!!-  u  i.l.  .■*  "Je   a»ciiicaCioa  of  its  being  a 

FTr^in'r--aeiifriitMi.-*  ir  lii  ■■*t>'i..i:7.  Q*;ira.JKsie»etbodsof physita 
An<i  or"  •■in^i.uTT".  i**!!  "j;i.ni  n  "Ma^i  ^-ra  ocfaH  mccheds  special  to  the 
.-rnnly  ■tf  l:v-nj  Viai^.  -'.itt  z^-.j-ru  ■etiitML*  «'  biofo^.  And  here 
n^Mn  :z  :»  *a  ewoiim-"  >c"  •:3l^^  ::i:i£  zhti  -ttiMbent  «h(mld  leam  these 
nvchiwi.-'  eai'h  :a  -.*  "'ti  ■^:l<'1:■■^'.  u<i  lac*  a  she  ;ns(i&eatioD  lor  making 
rhe»e  *fn»ni-t^  il.<4»  .i  mpuJ-or^.  E-i:  :i  a.!  the  n^snlatioiis  which  are 
inxneil  rt^rfiT".  ■'.i  -j«««*  **■  ■  eril  k.:<:":irj  svwnveci.  th»  sorely  sfaon  Id 
b^  ki'r'':  -a  r.^-v.  v'aM  ■hwii  *t::»?;i«-*f  -Joi-.M  b*  taught  not  as  a  scientilie 
armr.  -V.-^'crA'^^'-  f  ■■  i.  iifJ.  t.-^irl  '.ii:  k-i  k ->:«^I'^•(^•;; '4oDeto{wt>fe88ional 
!irrf,w;'^!-'«'.'f  T*;-:*  V*cu;-*-  :;  :■*  tL*  best  nteans  of  bringing  the 
*tniif.'..l  'M  lL-  WAT  :t>  :Lit- 

II. 

Jto**  I*t  »!*'  ni.-n  to  ,»n"t:.'T  :",.<-»«  *"._-p?stfd  by  what  has  happened 

in  m-ifiMT"  mill  in  tb«  pr»['e-^V^n  s:a«  tiif  <Iays  of  Hnxley's  studentship, 
am]  that  in  the  cumi'ltrsiry  tif  tl.e  bt-artn^of  any  one  discovery,  of  any 
ori«  advi^nce.  as  «e!I  on  ^M-ienit-  :t>*Ir"  ;v*  <>n  the  applications  of  science. 
In  the  cannect  of  ><'it-t.i-e.  nkh  whit^^h  man  is  wrapping  himself 
rrmml,  or  rather  is  Iteiti^  »t;iii|*iI  roniid,  the  several  threads  are  woven 
iirt^ian  iiitrirare  web.  As  the  !."Hii  vrhirh  is  weaving  that  ever-spread - 
ItiK  garment  takes  in  new  warp  and  new  woof,  sach  threads  only  of 
«}w;h  are  taken  in  as  ean  be  fitly  joined  to  those  which  have  come  in 
iM^Tore;  Kvth  thread  as  it  is  tuisle<l  in  becomes  a  hold  for  other  threads 
til  lie  earight  np  later  on.  Xo  single  observation,  no  single  experiment 
Htanrln  alone  by  itself,  nor  ean  its  wc.rth  be  rightly  judged  by  itself 
alone.  Tlie  mistaken  philanthropists  who  have  pat  restrictions,  and 
w«Hihl  pat  more  on  physiological  investigiitions,  betray  that  ignorauee 
(if  tlin  ways  of  science,  which  swms  to  be  a  necessary  condition  of  tbeir 
atlltncle,  when  they  ask  ns  to  stale  in  a  sentence  the  direct  application 
to  tlie  good  of  man  of  each  experiment  on  a  living  animal.  Tn  the 
(loorx  of  nc.ient^e,  each  the  opening  as  often  of  a  path  as  of  a  chamber. 
It  In  not,  an  Hnch  folk  seem  to  think,  that  each  bobbin  pnlls  only  one 
hitch.  Mvery  experiment,  every  observation  has,  besides  its  immediate. 
I'OHUlt,  ull'uuta  whloh,  in  proi>ortiuii  to  its  value,  spread  away  on  all  sides 
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itito  even  distant  parts  of  knowledge.  Tbe  good  of  the  experiuent  by 
itself  18  uooii  merged  in  the  general  ^ood  of  scieiitilic  inquiry.  The 
science  of  physiology,  and  by  iioplicatiot]  the  art  of  medicine,  is  baitt 
ap  iu  part  on  oxperimentB  on  living  animaln;  in  part  only,  but  that 
part  is  so  woven  into  all  the  rest  that  any  attempt  to  draw  it  oat  noold 
lead  to  a  collapse  of  the  whole. 

It  is  because  each  experiment  or  observation  is  thus  a  thread  canglit 
np  in  a  close-set  web,  that  its  value  depends  not  alone  on  the  mere 
resnlt  of  the  exiwriment  or  observation  itself,  but  also,  and  oven  more 
BO,  on  the  time  at  which,  and  on  the  circuu]  stances  and  relations  under 
which  it  is  made.  This  truth  the  real  worker  in  science  has  borne  in 
upon  him  again  and  again;  it  is  this  which  lends  him  to  that  humility 
which  has  ever  been  the  outward  token  of  the  frnitfiil  laborer.  He 
feels  that  it  is  not  so  much  himself  working  for  science  as  science 
working  throngh  him. 

Let  me  attempt  to  illustrate  this  by  <lwelliiig  on  some  two  or  three 
single  observations  in  physiology,  made  almost  at  the  time  or  very 
soon  after  the  time  at  which  Huxley  was  a  student.  It  will,  I  think, 
be  seen  that  each  of  them  has  reached  a  long  way  in  its  bearing  on  the 
science  of  physiology  and  on  the  art  of  medicine;  that  the  fall  effect  of 
each  has  been  dependent  both  on  wiiat  went  before  and  on  what  has 
happened  since,  and  though  they  were  all  made,  su  to  speak,  long  ago 
some  of  their  fruits  were  brought  in  as  it  were  yesterday,  and  their  fUll 
iroition  is  ]>erhaps  uot  yet  accomplished. 

I  will  first  invite  yonr  attention  to  a  single  experiment,  for,  though 
repeated  on  various  animals,  we  may  call  it  a  single  experiment,  which 
in  the  fall  of  the  year  11*45  Ement  Ileinrich  Weber,  then  professor  of 
anatomy  at  Leipzig,  and  his  brother  Bduard  Friedrich,  reitorted  to  au 
assembly  of  Italian  scientific  men  in  Kaples,  and  of  which  they  subse- 
quently published  an  account  in  Miiller's  Arcliiv  in  1846.  Makinig  use 
of  the  recently  introduced  rotating  electro  magnetic  apparatus  (the 
physical  discovery  begetting  the  physioldgical  one),  they  found  that 
powerjhl  stimulatiou  of  the  vagus  nerves  had  the  unexpected  result  of 
stopping  the  heart  from  beating. 

This  single  experiment,  which  I  may  quote  by  the  way  as  a  typical 
experiment  on  a  living  animal — tor  it  is  impossible  to  imagine  how  the 
discovery  of  this  action  of  the  vagus  on  the  heart  could  have  been 
made  otherwise  than  by  an  ex[>eriment  on  a  living  animal — this  single 
experiment  has  made  itself  felt  far  and  wide  tliroughoul  almost  the 
whole  of  physiology. 

Id  the  first  place,  it  has  made  us  understand  in  a  way  impossible 
before  the  experiment  how,  throngh  the  intervention  of  the  nervous 
Bystem,  the  work  of  the  heart  is  tempered  to  meet  the  strain  of  varying 
cuHjumstances.  As  I  said  a  little  while  back,  only  a  few  years  before 
even  eminent  observers  were  groping  ahont  in  a  dim  light,  hotly  dia 
cQBSing  whether  the  brain  and  spinal  cord  could  affect  the  beat  of  the 
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-.;•-  —■  .  I  ^  -  ;i-  1  jir--—  ErT.'it(,  "i"f:»^*  (hMwrny  kas  in 
-  i .ji-..  -:.-^--X":  ..r  !  •..!-«  E>iis  iniiNiruaJ  imit.  Beibre 
-r  f  ■zr.-TiT.t—.-.  i;„,:  -  i.i  ■.:'—^x.r*'ii.  mc  mDr  ik  :^  vwcvlar 
■■:i    TT*.^..    .-ir   z:    En:-    .■■i*-^   :t-i.:<  i>^  ,\-  jtiT^wngr.  ci»g  to  a 

-"" '-  ■»•*-:-  u-^i-.  -  .r--.,i;-.f  ut  •"7»«!-ii»n«c  ba£  sM  Thr  tmiii 
.-  n^  :.i.;.,  ,,  ^  .;  r  -.!i:-i--i.  -r  a.  Tiu  eiMT  T.  ;  mc&CB  and  stir 
:■■  ii-i.~  V-..  .:-_  ..-,;-i-r::;  :.,"-  -  tti  *j»*  it:><tK^  fif  lis  i«9«atc1u 
■  ■--  ■      ~  ^'  •'■•  r  'Z---:v'-:'  *..■!  T  :,i-  i;ic-  rioix-  «n  <<  !i.  A»i  can 
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' '-  "  -  -'  -  :  ..r-.  lit-  * :  -^  -.:;-  : :  i  i.s  "i;ai  a  :ooi>Eiid  aad  wide- 
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-*"■'*         :  L~   T   :■_       .  :  '.J  iL.     i-rz  of  ti-e  «-xp«iaieBt.  tboagh 

,-,•  .-.  ;. ■.  — .  h.,  .  .. »-^zL<-i:.  -*  :  ii*  ^::,  c •>f  a BervDosiBipalse 
'.•  ::-  -•-■--_.:  ,i  *:;T:Li;:crr  .'  t'rr^:  az  '.  :t  vas  a  still  open 
--  ~  -'->  '-•;-■■»*■:'-  ■-r^T;  ^  TirTi.Trir.ie.h  atif'v-ssaeTbeaamosole 
■.■',-•«■-.  ..-  t^fr.  -  -^i"  ::-.•. '  J 4 r^rTT  ■-a:=.p:::~<';lUfe»tai«of«ipeiMl- 
■■  i<: ;,'/:   ;;,■.;.--.**.:  r,.-.  -.Lc  ::.^'.  :•: '  y  :!.«  verr  catoivof  tbeinpalse 

/;,jt  >,'.^':>,;,  ;■■»;  e'.[-r.-:::.p-.!  jsswrred  in  tb«  Be^ative onoe 
■i»  aii.  .\  :.;t>vfr  tli.r  eia.-t  L.itur*  ff  a  nervoos  iupolse,  it  Was 
(itiv  ',t  *'!<rh  a  kiinl  titat  it  Diii:Ut  <m  ot-casion  cb«ck  expenditare 
fiiiik  ti|.  t-nifr^y  ill  ;iii  i uirrtfusei]  [Mitfiitial  >(ore.    Ubservation  soou 

"■at  the  Ltsirt  ami  vafjim  was  no  Mlitary  examf^     It  was 
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recf^^ized  that  the  dne  regnlation  of  many  of,  if  oot  all,  tbe  so-called 
nervous  cent«rti  was  secured  not  merely  by  the  intrinsic  forces  of  pas- 
sive rest  making  themselves  felt  in  theabsence  of  stimulation, bntalso, 
and  even  more  so,  by  the  alternatlDg  play  of  antagouistic  inflnences. 
Throughout  all  the  sciences  the  resolving  a  stability  seemingly  due  to 
intrinsic  causes  into  an  eqnilibrintn  arising  out  of  the  balance  of  oppos- 
ing forces  bas  again  and  sgaiu  marked  a  step  forward;  and  it  is  per- 
haps not  too  much  to  say  that  a  like  analysis,  prompted  by  tbo  story 
of  the  vagus  and  the  heart,  bas  profoundly  modified  all  our  conceptions 
of  the  way  in  which  nervous  impulses,  sweeping  along  the  intricate  yet 
ordered  network  of  paths  iu  the  brain  and  spinal  cord,  determine  the 
conduct  of  life.  The  idea  bas  of  course  been  abused  as  well  as  used,  as 
what  idea  has  notf  Such  a  word  as  inhibition  could  not  bnt  fail  to 
have  a  blessed  sound  in  the  ears  of  the  ignorant;  the  idea  has  been 
ignoraotly  and  wrongly  applied ;  but  this  is  of  little  moment  in  view  of 
the  belp  which  it  has  given  to  wise  and  well-directed  inquiry. 

And  tbe  idea  has  spread  with  fruitful  results  beyond  the  limits  of 
nervous  impulses;  it  has  been  carried  deep  down  into  tbe  very  inner- 
most molecular  processes  of  life.  The  closer  we  penetrate  into  the  phys- 
ical-chemical (events  through  which  living  matter  grows,  lives,  and  dies, 
the  clearer  does  it  seem  that  life  itself  is  a  shifting  outcome  of  two 
opposing  sets  of  changes — one  synthetic,  constructive,  the  other  dcfitmc- 
tive,  analytic — and  that  the  key  to  this  and  that  riddle  of  vital  action 
lies  witbin  the  grasp  of  bim  who  cau  clearly  lay  bold  of  the  mutual 
relations  of  these  conflicting  changes.  The  story  of  the  vagus  and  tbe 
heart  is  a  tale,  not  of  the  heart  alone,  not  of  the  nervous  system  alone, 
bnt  of  all  living  matter.  The  light  which  first  shone  in  the  experiment 
of  the  brothers  Weber  may,  in  a  sense,  be  snid  to  have  gone  ont  into 
all  the  lands  of  physiology. 

Let  me  now  tnru  your  attention  to  an  experiment  made  a  few  years 
later.  This  is  also  an  experiment  made  on  a  living  animal,  and  what- 
ever good  may  have  come  out  of  that  to  which  it  has  given  rise  mast 
be  reckoned  as  the  fruit  of  an  experiment. 

In  1851  Claude  Bernard  made  known  that  division  of  the  cervical 
sympathetic  led  to  a  widening  of  the  blood  vessels  and  a  warming  of 
tbe  ear  and  other  parts  of  the  head  and  neck.  This  was  the  beginning 
of  what  may  rightly  be  called  tbe  great  vaso-motor  knowledge.  It  may 
be  true  tbat  more  than  a  hundred  years  before,  in  1727,  Du  Petit  had 
observed  much  tbe  same  thing,  bat  nothing  came  out  of  it;  the  germinal 
tune  had  not  yet  arrived.  It  may  be  true  that  other  observers  since 
Dn  Petit  had  divided  tbe  cervical  sympathetic  and  noted  the  effects; 
bnt  these  bad  tbeir  attention  directed  chiefly  to  changes  in  the  papil. 
It  may  be  true  that  Brown-SOquard  and  Waller  a  few  months  before 
^emardhimselfwias  able  to  do  so  supplied  tbe  complement  to  the  origi- 
nal eiiperiment  by  showing  that  stimulation  of  tbe  peripheral  part  of 
the  divided  symitathetic  constricted  the  blood  vessels  and  reduced  tbe 
SM96 33  C.dO^lc 
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v-w  Bad«  or  this 
I.  flf  the  no-Tous 
-- ii-—  :.  u- _   ■-r--.i— -    1     :.— -r»r;.^i«i«.     TuK  wpts  vith  Bernard's 

j-  T  .'1.  I.  r  ■  -■;  -::■*  "ii  --i-.-i.    »  -i,«Tir  T-iKit  n:  tiiic  hkc  aad  mine, 

r'  1  T--*    I  ..-7r-:..-r  i r  -.-  -i^t:aM  ic  On  ifcr-ift  share  in  our  total 

^•.'■i..■  ..-.  .,  i.;.. »  — ._n  «-..^  —  !•■•»  "i»ti.-a  ri  ^-r  the  vaso-mottw 
.^  -rtnn  »,:  ;  -1  T..,.-  .•-  -i.^-ii  r.  ii:>.  n  Tin  *:.-vn5  «•  vLxh  the  pbysi- 
It.  ;-  .  -  T.  -^'  -^  -  :■:;  -^^  •  -^-^  r-'-Z  a.»'  iikTij.ii  ms-il  oortnoes,  mud 
iH:.'.»-t  ui-^-  u  :ri*  ^-  T.  I  t  ..;.-i  -;:e  ■-  »=«.  11*  c.TC^vr  >«  pbyaology 
:i  T  i;i.-  !r?--tB^  itr  T  i>i-i.  :.:-t  i-ins-*'-;  l  in  Tfr-  Jii~a.:6«^  ■■  his  teach- 
::r  -,,  ^-  fc  T  .ri  »  ..i:'i  t -n.-i.  in.ii-'  iA:iZ  TJ*  r^lVer  of  the  blood 
■—-..-. Tut  iiririt-i'L  ; '  -Jr  ^.otr-B  t'ti:  (1  'j*^^  v.kli^ ihm;:h nervDos 
.1 1  !•":•-•  ir  k^  ~:k  t<~i*>k-;~:  jvt  i*~^!L.  ^  fci  fKiBJxaiaMi  of  to-day,  be 
*  .•:.ri  til--  -.  -;:  ^«^!i  :i^  .n:s. ir-i.znti  ~:  -  .L~:r  1:*  peti.  or  staring  at 
-,.^  r-  :i  r  j.t  *...  i  a*  ijs»-!-f^  KnJtc  nei^  ivArc  lo  rKo-ntotor 
b-'j.'.  *.  ~  iitt-jT^r -u»-:  .c  ;.ii '*.'.ii.!ij  ■•»  i.<ft-i.  i"e  :t  the  w<m^  done 
-.71  ■ni^H-.j'-''.*: .:  -.it  T-k-i.-LT-  i..i.i.*  .c  w*;7«--Te  li":«K-.be  it  that  niaiu- 
*-.-.  •=-■*  Y  ";. .;  'y  T-^. ^^r-i Mr*  »:  ^■■t  :^  i  ■•.o^iit.ot  vf  boililr  activity, 
■-•r  .-  ■  1-  t*r-  -.  r  .£'  ;-•;  :ci.  .'<■  w-v'  jwiii  •=  Tie  icid^t  of  tlie  bydro- 
*rj- .-  -s  .-v--T^.--*  T.  w;j«:i  -^i-'j  I  "-r  «:  ^fr:*  :: — in  ail  tl>ese,  as  ia 
nr.^r.jr  "f'/.-r-, -BT  i^I  ri!o.a&.c  c  ijt-:cr*  in»cvec::g;  and.  lo  say  i>oth- 
i.-.z  'f  ■---  •■-•rt  :j"ir=  bj  :L^i!»f  i=  te-  fT¥-.»:  ar^ueral  [utbolo^cal  con- 
»l,ri*.r.*  ■-:'  .lTi:i,=.j-.;.  5  a-^J  Scvrr,  iz*t  *1jo  hare  lo  be  taken  account 
'<t  hy  ti.«7  <i-("-tor  in  sicdyir  g  ta*  il;*i>pitrrvd  physiological  proceKSes 
»lij(  h  i^j(]^fitiit«f  .[:-*rJ.«e,  wLa:ev*M  be  (hf  t:s:>ne  affected  by  the  morbid 
oiri'ljiifiri*.  Take  away  froai  the  pbysi- ■U>in«>l  and  pathological  doc- 
trirtMi  or  tif  d;iy  aW  tb^il  U  mtrdot  by  the  word  Taao-motor,  and  those 
il'fctriiiMt  woaM  b«:  Irft  fur  ttie  miMt  [kurt.  a  mnddled.  nninteUigible  masR, 
To  Ml  i^rcat  an  extent  as  that  wbii'b  lteruard*s  experiment  began 
ftnifrrwl  into  our  modem  Tiews, 

tt  WHM  Iternanri)  good  fortnne,  bat  deserved  jiOoA  fortaoe,  to 
iMiituuncf;,  almott  at  the  Rame  time,  two  fdodajieutal  discoveries.  For 
I  M-iiUire  to  (;latm  fur  hix  (]ii«covery  of  the  formation  of  glycogen  in  the 
llvitr,  iniittly  liidicat^-d  in  ISTM,  more  fully  exiKtonded  in  1851,  tin  impor- 
iHiica  only  MtHvitid,  if  ttecond,  to  that  of  the  experiment  with  which  we 
*""  -vu  duallng. 
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To  jadge  of  its  importance  we  must  look  at  it  firom  more  than  one 
poiitt  of  view. 

At  the  time  when  Hnxley  was  sitting  at  the  feet  of  Wharton  Jones, 
the  teaching  of  the  schools  was  largely  governed  by  the  view  that  the 
animal  organism,  in  contradistinction  to  the  vegetable  organism,  was 
essentially  destructive  in  its  chemical  actions,  possessing  no  power  in 
itself  of  synthetic  constrnction.    It  is  true  that  the  possible  synthesis 
of  organic  componuds  Bi>ec)al  to  the  animal  body  bad  long  before,  in 
1828,  been  shown  by'Wohler's  artificial  formation  of  urea.    It  is  true 
also  that  Huber,  in  the  case  of  bees,  and  Liebig,  in  the  case  of  cows, 
bad  already  shown  that  wax  and  fat  must  be  in  part  mauofactared  out 
of  something  that  was  not  fat.     The  conclusions,  however,  of  these 
observers  were  at  best  somewhat  distant  iDferences  from  statistical 
data;  and,  in  any  case,  had  not  as  yet  made  much  way  in  the  direction 
of  general  acceptance.     But  Bernard's  experiment  was  in  the  form  of 
an  ocular  demonstration.    The  glycogen  which  bad  been  formed  in  the 
liver  could  be  extracted,  conld  be  seen,  bandied,  and,  if  need  be,  tasted, 
a  lesult  adequate  to  convince  even  a  physiological  Thomas.    We  may 
claim  for  Bernard's  glycogen  discovery,  that,  as  the  first  realistic  proof 
of  the  synthetic  powers  of  the  animal  organism  it  did  much  to  establish 
a  truth,  which  succeeding  observations  have  only  served  to  confirm  and 
extend,  namely,  that  the  animal,  no  less  than  the  vegetable  organism, 
possesses  synthetic  powers,  and  that  the  want  of  prominence  of  these 
in  the  ordinary  work  of  the  animal  bo<ly  is  to  be  attributed  to  economic 
reasons,  and  not  to  absence,  or  even  scantiness  of  jxtwer. 
But  t^ere  is  another  aspect  from  which  the  discovery  must  be  viewed. 
At  the  time  of  which  we  are  speaking,  physiologists  were  still,  as 
they  had  been  of  old,  largely  under  the  influence  of  a  somewhat 
mechanical  conception  of  the  body  as  a  collection  of  organs,  each  of 
vhich  had  its  s{)eciat  ose  or  fiinction,  the  unity  of  the  body  being  main- 
tained by  the  mutual  adaptation  of  the  constituent  organs.    This  was 
farther  developed  into  the  view  that  when  a  use  of  an  organ  had  been 
satisfactorily  made  out,  when  a  function  had  been  made  clear,  all  that 
remained  to  be  done,  in  the  way  of  research,  was  simply  to  inquire  how 
far  and  in  what  ways  the  performance  of  that  function  was  influenced 
by  changes  in  the  rest  of  the  body,  or  by  external  circumstances.    It 
was  acknowledged,  for  instance,  on  all  hands  that  the  function  of  the 
liver  was  to  secrete  bile,  and  physiologists  in  general  were  content  to 
look  forward  for  future  discoveries  which  should  throw  light  on  the 
exact  nature  of  the  mechanism  of  the  secretion,  and  on  why  the  liver 
secreted  now  more,  now  less  bile,  and  to  these  alone  without  expecting 
anythmg  else. 

Bernard's  discovery  that  the  liver  not  only  secreted  bile  but  manufac- 
tured glycogen  fell  on  physiologists  like  a  bolt  from  t^e  blue.  The 
knowledge  that  the  same  hepatic  cell  was  engaged  both  in  secreting 
bile  and  manuEacturing  glycogen,  and  that  the  sugar  or  other  prod- 
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stQ»  nf  dij!«Btifu.  ven-  cvrriid  frt^  Ae  ntestine,  not  straight  to  ths 
itssDM-  viiicL  zuev  wtm-  Aaexiuoi  n  ^ij*  case  ottinutely  to  DOoriBh, 
ItDi  1'  tjm  ]ti  ~tiiTr  ii  iiiirtnrfri  TTiirJhrmiTinB  mil  in  iijt  iiniiiij  nuiim 
twTA.  iBKreM  Titt  iiQfnuiuiif  of  ■  nrw  iraj-«f  lookinf  at  the  problems 
ii:  iiumriiui.  li  w-  ranuniuMd  ^aa  ttese  hffimf  leas  simple — more 
<v>n-)i't(  V  xliui:  Tbev  bad  tomerhr  Mcned;  bat  tlie  very  complexity 
f>.%T  hum  a:  |mF«itikr  nilaCHoiK.  li  wa«  Mea  tkat  as  the  blood  swept 
II  iin  liiivtL  risnuL  tlu-mij^  i^  ae^fwai  tiuuaLu  it  might  oodergo  pro- 
i.>i:i><:  .-jAi^-er-  <riUiAia  iu.r  visitiV  •nta-ard  taken,  such  as  that  of  the 
M;>n(t»r»i>rr  tf  MWTtOJoi.  11.  Ar  dnn  of  a,  ^Jand  or  of  the  contraction  of 
«  niu?<'.'iT — »i-^M  iiiidttrpt-  ciianpef:  whiA  cooJd  only  be  demonstrated 
i-\  •;.ft«n>i>.y«-  :i  tjh'  Munjiosixifai  or  prafwrties  of  tiie  blood  as  it 
.\»nH>  ;>>  AT  tit  :iit>  k  thaa  ciSRoe.  SW  technical  difficolties  of  the 
Hiiu^^c  r>;  'iKvic  TiT^-i-AbT^td  uiy  imiBeduM  Bailed  steps  in  the  way 
o:  ».:M.i<,>^t.i»;  t,TU'n.i>;s.  If^  Moalilif^  in  reqMCt  toany  particolar  dssne 
tW  .  )>-.i,j?4»  «  i.i.'X  ;iw  Kli¥«  under »<■!  in  it.  by  inference  from  the 
tvr^:!?.  .^  tf-viwrinM-i  tj.'  ii  MTiArmoc  saet  with  difficnhjes  of  another 
!>i.l  t>v>(v«  >«i-'>,iii>  lift.,  licnioe  xlie  w'orid  had  to  vait  some  little  time 
>v^^1;v  il.f  i.,»  i,!jiis  •>,>.-l  F^'Tuarc'^  diwwmy  had  started  bore  impor- 
i.HiJ  .V  N. .  .L..!  jc  T-.-i.  V.  \t<s  Ti  vassM  voy  loag  before  it  was  seen  that 
ilir  >»>;\]i.x  ,«'.'  )^;  h(tfii:;(  fcnes  toachinj;  the  metabolic  changes  of 
IMsMjM.,  »>  »■,..,  «i>  a  .»-K\jyr.rfci*  m»»ria]:  that  it.  and  not  the  kiduey 
mKm)t\  )>»,-  l.^  p,<  «  i  I  uTWi  A>  '«^  ".  as  sB^ar.  aad  the  difficulties,  which 
Hl(> N'.^sv, .v!;.  >  iJw  (\j^:i  Lfcl:  .V  litis  <«itaiy  mmst  have  keenly  felt — 
l>tk«  to  1v^^^;-, .),  \i^  :u.'i..  Tji^  ^  nfKTfaug:  bile,  which  alone  technical 
)itv\M.\>,\j;\  a:>.nm>^  h'>  ilff  ^wc.  «;;h  ih^  o'nenrM&ing  impwtaiioe  wfaich 
».il  mit\  iv^;n.,;x5  «vV;>ct*>ts'*.  i».:J  mvc*  <-3:a(4  Hinical  study,  oonld  not 
1<H1  *i  ij»,  )i  I..  I ;.»!  .vx.*:^ — lv*pMi  i«*  swuJ  aw»y.  A  little  later  on  exact 
ovt«-)u)K-»u:  sw,  iv.T>  <v!Mtirw«  ;r.t<' owtninty  the  snspioions  which 
i-liuk<'.t)  Mitil^\  h^i  nt^Ni'^.  )>,«]  lire  b).x«1  in  streaming  through  the 
ttuothl  j:Uii.l  )iw},T»^-«i  <>.ftr.jr(i>iV  snjwwDe  imimrtance  to  the  uutri- 
n.»n  i«t  \\\f  ns-vuf^  .vt"  sW  S.x,j  »}  Urpc.  SiilUa  little  lata',tbe  Ber- 
ii'tnliAii  )<tivt,  II  I  ni;)>  !*it  xvKiKiv  lo  call  ii.  doubting,  so  to  speak,  on 
iIm-U.  IihI  u»  itio  ti!!*vMi^:>  (i:*i  iIk-  wjTswTwe (rf  the  Gate  of  sugar  in 
Iho  IhhIj  «(^t>-  ii.M  K*il,c«l  ;n  ;!»<•  :)\>-r  ainvne.  bat  might  be  traced  to  the 
IMuuntvtH.  It  WHS  ;»«>«  il)^i  *s  ;:  <■  V..H«d  snvaming  throogh  the  liver 
Witrktyt  III)  Mi^ar  IhvxuI.vs  !*^-wi:n3:  Sil*.  i«i  the  pancreas,  besides  eecnt- 
iiig  il.s  tiiai'vt'll.nis  <iiunt|x4viii  ,m!>^  »J::*»  i-.iiliHntcd.  though  in  a  differ- 
out  wrty,  tW  fjii>'**r  or  !m;:M-  iu  iht*  Nxly:  that  the  disease  we  call 
diiilH'lMt  was  (IT  uii^hi  W  in  i^kim^  imy  iitiineried  with  the  pancreas  no 
K-w  thunwith  tlifliv<T.  1  ii«><l  not  !n">n  tos|>wt  of  recent  resetaches 
on  the  sii|inu^>iiul  capxales  or  of  othiT  or]:ans.  It  is  enough  to  note 
that  oue  of  the  most  prumising  liiie<$  of  inquiry  at  the  present  day  is 
that  rr'-*^  -  "-i  the  cbangve  of  which  1  am  simiking,  sometimes  known 
»'  9  of  "internal  sei-refion."    E^-ery  j^ar — nay,  almost 

rings  up  some  new  liRht  :is  to  the  details  of  the  great 
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cbemical  flgbt  wbicb  the  blood  is  canyiDg  on  in  all  the  tissaes  of  the 
body.  It  may  be  perhaps  to-morrow  that  we  Bhall  learn  of  some  work 
of  a  kind  wholly  unexpected  which  is  carrietl  oat  by  that  great  Mal- 
pigbian  layer  of  the  skin  which  wrapB  round  oar  whole  frame.  In  any 
case,  tbe  line  of  inquiry  is  one  of  the  most  fruitful  of  those  of  the 
present  day.  I  may  adil,  Coo,  I  think,  that  it  is  oue  which  has  been  of 
tbe  greatest  direct  use  to  mankind,  and  promises  still  more.  It  is  true 
that  Bernard's  discovery  of  glycogen,  and  perhaps  especially  the 
diabetic  putictnre,  raised  hopes  which  have  not  been  fulfilled.  Not 
to-day,  any  more  than  forty  years  ago,  is  it  in  our  power  wholly  to 
remove  the  disease  which  ve  call  diabetes.  But  short  of  complete 
mastery,  how  great  is  our  power  now  compared  with  then.  And  when 
we  remember  that  the  pancreatic  relations  of  sugar  are  far  from  being 
worked  out,  and  that  such  knowledge  as  physiologists  already  possess 
has  not  yet  made  much  way  in  clinical  study,  we  may  look  forward  to 
marked  progress  possibly  in  no  very  distant  time. 

Further,  if  there  be  any  truth  in  what  I  have  insisted  upon — that  tbe 
value  of  a  discovery  is  to  be  measured  not  only  by  its  immediate  appli- 
cation, theoretical  and  practical,  but  also  by  tbe  worth  of  the  idea 
which  it  embodies  and  to  which  it  gives  life;  and  if  it  be  true,  as  I 
have  suggested,  that  by  the  genesis  of  ideas  the  discovery  of  glycogen 
is  mother  of  all  our  knowledge  of  internal  secretion,  in  it«  widest 
sense,  of  the  work  of  the  thyroid  and  other  like  bodies,  then  tbe  good 
to  suGTeriug  mankind  which  may  be  lai<l  t^i  the  door  of  Bernard's  initial 
experiment  is  great  indeed. 

The  next  result  to  which  I  will  call  your  attention  is  again  an  experi- 
ment, and  once  more  an  experimeut  on  a  living  animal.  In  1850 
AngnstuH  Waller  descrilted  in  tbe  Philosophical  Trausactious  the  his- 
tological changes  which  division  of  the  hypoglossal  and  glosso- 
pharyngeal nerves  in  tbe  frog  pro<Iuccd  in  the  fibers  of  the  distal 
portions  of  the  nerves,  and  shortly  afterwards  developed  this  initial 
result  into  the  more  general  view  of  the  dependence  of  the  natritinn  of 
a  nerve  fiber  on  its  continuity  with  a  cell  in  tbe  central  nervous  system, 
or  in  the  case  of  afferent  fibers,  in  the  gauglioD  of  the  imsterior  root. 

This  discovery  was  at  tbe  time  and  has  since  continued  to  be  of 
valne  as  a  contribntiou  to  physiological  ideas.  It  had  its  share  in  pro- 
moting the  progress — which,  though  sli(>:ht,  is  still  a  progress — of  our 
nnderstanding  the  obscure  iufinences  which  the  part  of  a  cell  inclosing 
ihe  mysterious  naclens  exercises  over  idt  the  rest  of  the  cell,  and  per- 
haps even  to-day  the  theoretical  value  of  that  degeneration  of  nerve 
fibers  the  knowledge  of  which  we  owe  to  Waller  is  not  adequately 
appreciated  and  the  lead  which  it  gives  not  followe<l  out  as  it  might 
Ik.  In  spite  of  all  we  know,  we  are  much  too  apt  to  fall  back  on 
the  conception  that  when  no  nervous  impulse  is  traveling  along  a 
nerve  fiber  the  nerve  fiber  is  in  a  state  of  motionless  quiescence,  and 
that  a  nervous  impulse,  when  it  does  come,  sweeps  over  tbe  fiber  as  a 
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waT«  ii«e«pfl  nrer  »  plaeid  lake:  but  the  WaDerian  degeneration  gives 
anch  a  view  the  lie  dixecL  Wbeo  we  re&ect  that  tlH>  finely  balanced 
Btolecnlw  ronditioo.  whicb  itself  is  nothing  more  than  the  falsdy  seem- 
ing qiii«tw«n««>  of  an  cqailibriam  of  t^poeing  nmtions  in  the  altiniate 
litiril^  nf  the  nerve  twigH  in  the  iiltiiitate  phalanx  of  the  finger,  by 
which  we  btat-h  and  get  to  know  the  world  witbont  as,  is  dependent  on 
wli^it  ia  ji'iing  on  aroand  the  nndeos  of  a  cell  or  the  nnclei  of  some 
evils  in  the  g^nslion  or  ganglia  of  certain  npper  spinal  nerves,  so  that 
if  the  cnntinaity  of  the  axis  eylinder  imicess  be  anywhere  broken  the 
figure  of  the  Doiernlar  dance  changes  at  once  and  riot  takes  the  place 
of  order.  When  we  redect  on  this  it  is  clear,  I  say.  that  between  the 
motefules  M  the  ahimate  fibrils  branching  in  the  Malpighiao  layer  of 
the  ball  of  the  fiu^er  and  the  molecnles  within  the  immediate  {rrasp 
of  the  Dnclea.4  of  the  cell  from  which  those  fibrils  start  there  most  he 
ever  p^tssing  thrills — i brills,  it  is  tme,  of  so  geotle  a  kjod  that  no  phye- 
ical  instmmvnt  we  as  yet  possess  can  give  na  warning  of  them,  so 
gentle  tU:kl  rrtnipared  with  them  the  wave  which  carries  what  we  call 
a  nerT<.>a»  im^Hil^^  umtit  ap|*ear  a  roaring  avalanche,  bat  stilt  thrills 
tli<>  token  of  continaed  movement;  and  of  snch  gentle,  impalpable, 
onnotice«l  thrills  we  mnst  in  the  fdtnre  take  fall  account  if  we  are  ever 
to  soand  the  real  depth  of  nervons  actions. 

It  is  not.  however,  as  a  contribution  to  theoretical  conceptions,  but 
rather  as  a  method,  that  the  re-solts  of  Waller  have  so  far  had  their 
chief  ellVvt  on  the  progress  of  physiology  and  medicine,  and  I  have 
chosen  it  as  a  thing  to  dwell  on  because  it  seems  to  tne  a  striking 
instance  of  the  valne  of  a  method  merely  judged  as  a  method,  and,  far- 
ther. l>o<-niise  the  \-»lue  of  its  use  illustrates  my  theme,  that  the  success 
of  Atiy  one  scientific  effort  is  contingent  on  the  converging  aid  of  other 
elUirts.  For  some  time,  it  is  trne — for  years,  in  fact — the  Watlerian 
method  wns  employed  solely  or  chietly  iu  what,  without  reproach,  may 
be  oiUed  the  smaller  problems  of  physiology.  It  settled  many  topo- 
graphical qucstious.  It  cleared  our  views  aa  to  the  distribution  of 
afl'ereiit  and  cfiereiit  fil>ers.  It  seemed  to  add  or  replace  a  few  stones 
here  and  there  in  the  growing  building,  but  it  did  not  greatly  change 
tlie  whole  edififc.  After  a  while,  however,  it  met  with  two  helpmates — 
the  ono  sooner,  the  other  later — aod,  by  means  of  the  three  together 
we  have  f^ained  and  are  still  gaining  snch  additions  to  our  knowledge 
of  the  ways  in  which  the  central  nervous  system  works  oat  the  acts 
which  make  up  our  real  life  as  to  constitute  {>erhaps  the  most  strikiut; 
progress  iu  the  physiology  of  onr  time.  A  wholly  new  chapter  of  nerv- 
ous physiology  has  through  them  been  opened  up, 

The  one  colleague  is  to  be  found  in  the  experiments  of  Fritx  and 
Hitzig;  and  of  Ferrior,  again,  experiments  on  living  animals — experi- 
ments which,  by  demonstrating  the  existence  of  definite  paths  for  the 
play  of  nurvouH  impulses  within  the  ceutral  nervous  system,  opened  op 
'■  the  play  of  new  Ideas  concerning  the  working  of  that  system. 
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I  say  "demoDBtrating  the  existence  of  definite  paths,"  for  this,  and  not 
the  topographical  recognition  of  no  many  centersof  hypotheticul  nature, 
is  the  solid  outcome  of  experiments  on  local  stimntation  of  tbe  cerebral 
cortex.  Views  come  and  go  as  to  what  is  happening  when  the  current 
is  flitting  to  and  fl-o  between  two  electrodes  placed  on  a  particular  8i>ot 
-  of  the  Bolandic  area.  The  solid  ground  on  which  each  view  strives  to 
establish  itself  is  that  the  particular  spot  is  joined  by  definite  nervous 
paths  to  particular  peripheral  parts.  I  say  "demonstrating  the  exist- 
enceof  particniar  paths,"  but  what  would  have  been  the  demonstrative 
ralne  of  the  experiments  of  stimulation  or  of  removal  by  themselves 
without  the  anatomical  support  furnished  by  the  Wallerian  method  1 
And  I  may  justly  iDclude  within  the  Wallerian  method  not  the  mere 
tracking  oat  the  degenerated  liber  by  tbe  simple  means  at  Waller's 
own  disposal,  but  such  finer,  surer  search  as  is  afforded  by  the  later 
belp  given  by  the  newer  development  of  the  staining  technique. 

They  who  have  the  widest  experience  of  experiments  on  living  ani- 
mals  are  the  first  to  own  that  in  a  region  of  delicate  complexity  like 
that  of  the  central  nervous  system  the  interpretation  of  the  results  of 
any  experimental  interference  may  be,  and  generally  is,  in  the  absence 
of  aid  fVom  other  sources,  a  nialterof  extremest  difflcnlty,  one  in  which 
tbeobsei-ver,tru!jting  to  the  experiment  alone,may  easily  be  led  astray. 
I  need  not  labor  the  question  what  would  have  been  the  value  of  the 
mere  effects  of  stimulating  or  even  of  removal  of  parts  of  the  cerebral 
cortex,  and  whither  would  they  have  led  ns,  liad  the  ex[>erimental 
results  not  been  supported  and  their  interpretation  guided  by  the 
teachings  of  the  Wallerian  method.  It  is  not  too  much  to  say  that  the 
experiments  of  Ferrier  and  his  peers,  brilliant  as  they  were,  might  have 
remained  barren,  useful  only  as  isolated  bits  of  knowledge,  or  might 
even  have  led  uBa8tray,had  they  not  been  complemented  by  anatomical 
facts.  They  have  not  remained  barren  and  they  have  not  led  us  astray. 
Tbe  Wallerian  method  picke^l  out  Irom  the  tangle  of  nerve  fibers  mak- 
ing up  the  white  matter  of  the  brain  and  spuial  cord  the  pyramidal 
tract  running  from  the  Kolandic  area  to  the  origins  of  all  the  motor 
roots,  even  of  the  lowest,  aud  so,  joining  bands  with  the  experiment, 
made  it  clear  that,  whatever  might  be  tbe  exact  .lature  of  the  events 
taking  place  in  a  particniar  spot  of  the  cortex  of  that  area,  that  spot 
was,  by  the  definite  paths  of  particular  nerve  fibers,  put  in  connection 
with  definite  skeletal  mnscles.  The  pyramidal  tract  was  further  shown 
to  be  merely  one— an  important  one.  It  is  true,  but  Btill  merely  one — 
of  a  large  class.  So  it  ia  that  the  experimental  results  and  the  Wal- 
lerian results,  not  merely  in  that  Rolandic  area  where  the  results  of 
experiment  take  on  the  grosser  form  of  readily  appreciated  interfer- 
ence with  movements,  but  in  other  regions  where  other  finer,  more 
occnlt  manifestations  of  nervous  and  psychical  actions  have  to  be  dealt 
with,  are,  it  may  be  slowly,  but  yet  surely,  resolving  that  which  seemed 
to  be  a  hopeless  tangle  of  interweaving  and  interlacing  nerve  fibers 
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and  cells  into  an  orderly  arrangement,  oi  vhick  the  key  is  se^  to  be 
tbat  each  nerve  filament  is  a  path  of  impolMS  coning  rnHD  some  spot — 
It  may  be  from  near,  it  may  be  from  a£u — where  events  are  taking 
place,  and  carrying  the  iseae  of  those  events  to  aome  oth«  spot,  there 
to  give  rise  to  eventa  having  some  other  issne^ 

But  n  third  factor  wan  wanting  to  forward  oar  inaigbt  into  tliit! 
orderly  nrrangement,  and  especially  by  again  affording  an  anatomical 
bftHia  to  oi>en  the  way  toward  explaining  what  was  tiie  order  of  eventa 
In  tbo  H|>(>tA  or  centers,  as  we  call  them,  in  which  the  ULiments  began 
or  ended,  and  what  whs  the  mechanism  of  the  change  of  events.  This. 
I  veiitiD-e  to  think,  we  may  find  in  the  special  histiriogical  method 
whioh,  however  ninch  its  uaefulness,  has  been  enhanced  by  its  snbee- 
t\\wnt  development  in  the  hands  of  Cayal,  Kolliker.  and  others,  as  wdl 
IM  by  the  coincident  metbyl-blae  method  we  owe  to  G*^.  The  fiual 
word  baa  not  yet  been  said  as  to  the  exact  meaning  and  valne  of  the 
bliick  Hllver  pioturoa  which  that  method  places  before  ns;  bnt  this,  at 
loiist,  tnay  be  asserted  that  by  means  of  them  the  progre:^  of  oar 
knowUnlgo  of  the  histological  constitntion  of  the  central  nervoas  system 
IniN  witliln  tbc  last  few  years  made  strides  of  a  most  remarkable  kind. 
It  may  be  that  tliotte  pictures  are  in  some  of  tbeir  features  migleailiup. 
It  ntiiy  bo  that  the  terminal  arborization,  and  thm  lack  of  continoity 
Willi  lli»  niatcriitl  of  the  stmctures  which  they  grasp,  does  not  afford 
nil  itiltii|iiiite  oxjilitniition  of  the  change  in  the  nature  of  the  ner^'ODs 
Ilii|iiilni>"  which  takes  place  at  the  relays  of  which  the  arborizations 
nt'iMM  Mix  l4ikon;  it  may  be,  indeed  it  is  probable,  that  we  have  yet 
Hiiirli  lo  li'itrii  on  these  points.  Jiut  notwithstanding  this  it  mast  still 
111*  mild  tliiit,  by  titu  lielp  of  this  method,  oar  knowledge  of  how  the 
Dlx'in  run,  whciit  tluty  begin  and  where  they  end  within  the  brain  and 
Nliliiitl  nii-il  lian  advaiicetl,  and  is  advancing  in  a  manner  which,  to  one 
wIhi  l(H>kH  back  to  tliu  days  when  Huxley  was  studying  within  these 
trnllM,  Monim  little  short  of  marvelous. 

Iii<t  IDC  once  more  re|ie:it,  the  value  of  this  silver  method  is  nol  an 
liiti-liiHlc  one;  It  has  lis  worth  because  it  fits  in  with  other  methods;  it 
lu  II  vitlliiltle  on  iic.coiint  of  what  is  known  apart  from  iL  I  imagine  that 
It  III  IHC!  Ilmlcy,  itt  Wharton  Jones's  suggestion,  had  invented  the 
"tlii'i  itiolliiid  It  would  have  remained  unknown  and  nnnsed.  The  time 
<iii  II  liiiil  not  llii'ii  come.  The  full  fruition  which  it  has  borne  and  is 
||^'||  tiiu  III  iMii'  iliiy  hiiM  come  to  it  because  it  works  hand  in  baud  with 
I  lii>  I  W'l  «il  tior  iiiKl  IioiIh  of  which  I  have  spoken — the  Wallerian  and  tbe 
^' I'Mlliii'tilitl  ii>(<IIi(hIii, 

il  ti  lli<<a'>  MitfX'  working  together  which  have  brought  forth  whati 
"I'lr  ri'iiliMK  Iti  I'litl  Die  wonders  which  we  have  seen  in  our  days,  and 
I  ■  tfi  iiiil  liiif  lltlitli  lliHir  wliitt  we  have  seen  is  but  an  earnest  of  that 
■•iiiiU  la  III  I'lHiii;  III  no  branch  of  physiology  is  tbe  outlook  more 
I  '  <iiil"lii((,  I'fMi  III  IliK  Irninedinte  future,  than  in  that  of  the  central 
<|.|((,     hill  diiicly  I  do  it  wrong  to  cidi  it  merely  a  brancli 
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o!  physiologf.  It  is  true  tbat  if  we  judge  it  by  even  tbe  advaoced 
knowledge  of  to-day,  it  takes  up  but  a  small  part  of  the  whole  teaching 
of  tbe  science;  bnt  when  we  come  to  know  aboat  it  that  which  we  are 
to  know,  all  tbe  rest  of  physiology  will  ahrink  into  a  mere  appendage 
of  it,  and  the  teacher  of  tbe  future  will  hurry  over  all  that  to  wbich 
to-day  we  devote  so  much  of  the  year's  course,  in  order  tbat  he  may 
enter  into  tbe  real  and  dominant  pai-t. 

There  is  no  need  for  me  to  expound  in  detail  how  the  knowledge 
gained  by  tbe  three  methods  of  wbich  1  have  been  speaking,  in  laying 
bare  the  secrets  of  nervous  diseases  and  opening  up  tbe  way  for  suc- 
cessful treatment  and  accurate  and  trustworthy  prognosis,  has  helped 
onward  the  art  of  medicine.  Even  the  younger  among  as  must  be 
impressed  when  he  compares  what  we  know  today  of  the  diseases  of 
the  nervoos  system  with  what  we  knew,  1  will  not  say  fifty,  but  even 
twenty,  nay  even  ten,  years  ago.  Po  not  for  a  moment  suppose  tbat  I 
am  attempting  to  maintain  that  the  great  clinical  progress  wbich  has 
taken  place  has  resulted  trom  tbe  direct,  immediate  application  to  tbe 
bedside  of  laboratory  work,  or  that  I  wish  to  use  this  to  exalt  the  physi- 
ological bom.  I  would  desire  to  take  a  higher  and  broader  standpoint, 
namely  this,  that  tbe  close  relations  and  matual  interdependence  of 
laboratory  physiology  and  that  bedside  physiology  which  we  sometimes 
call  ])atbology,  and  the  necessity  of  both  for  the  medical  art,  are 
nowhere  more  clearly  shown  than  by  the  history  of  our  recent  advance 
in  a  knowledge  of  the  nervous  system  as  a  whole.  In  this,  when  we 
strive  to  follow  out  the  genesis  of  the  new  truths,  it  is  almost  impossi- 
ble to  trace  out  that  which  has  come  fh>m  the  laboratory  and  tbat  ttom 
the  hospital  ward,  so  closely  have  tbe  two  worked  together;  an  idea 
started  at  the  bedside  has  again  and  ^ain  been  extended,  shaped,  or 
corrected  by  experimental  results  and  been  brought  back  iu  increased 
fhiitfulness  to  the  bedside.  On  the  other  hand,  a  new  observation 
which,  had  it  been  confined  to  the  laboratory,  would  have  remained 
barren  and  without  result,  has  no  leas  often  proved  in  the  hands  of  tbe 
physician  tbe  key  to  clinical  problems  tbe  unlocking  of  wbich  has  iu 
turn  opened  up  new  physiological  ideas. 

And,  though  the  scope  of  these  Huxley  lectures  is  to  deal  with  the 
relations  of  tbe  sciences  to  the  medical  art,  I  shall,  I  trust,  be  pardoned 
if  I  torn  aside  to  point  out  that  this  swelling  knowledge  of  bow  nerve 
cell  and  nerve  fiber  play  their  parts  in  bringing  about  the  complex 
work  done  by  man's  nervoos  system  is  not  narrowed  to  the  relief  of 
those  sufferings  which  come  to  humanity  in  the  sick  room.  Mankind 
suffers  much  more  deeply,  much  more  widely,  througli  misdirected 
Activities  of  tbe  nervous  system,  the  meddling  with  which  lies  outside 
the  immediate  calliug  of  tbe  doctor.  Yet  every  doctor,  I  may  say  every 
tboaghtful  man,  can  not  but  recognize  that  tbe  distiuction  between  a 
so-called  physical  and  a  so-called  moral  cause  is  often  a  shadowy  and 
iiidistiuct  one,  and  tbat  certainly  so-called  moral  results  are  often  the 
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oateome.  nore  or  lefln  direet,  of  so-eaOed  [riiy»ea]  events.  I  Tsntme  u> 
say  that  be  who  realizes  bow  stroag  m  grip  tfae  phy«Hdo£ist  aod  the 
pbysician.  working  hand  in  hand,  are  laying  on  the  secret  vorkings  of 
the  oervoas  system,  who  realizes  bow.  step  by  step,  the  two  are  seeing 
their  way  to  onderstaitd  the  t^bain  of  events  issuing  in  that  sheaf  of 
nerrons  impnlses  which  is  the  ioHtmrnent  of  what  we  call  a  volnntarr 
act.  most  hitre  hopes  that  that  knowledge  will  ere  long  give  man 
power  over  the  isane  of  those  impulses,  to  an  extent  of  which  ve  have 
at  present  no  idea.  Sot  the  mere  mending  of  a  broken  brain,  but  the 
ednration.  development,  and  giuilanf«  of  cerebral  powers,  by  the  light 
of  a  knowledge  of  cerebral  proceeHes.  is  the  ofRve  in  the — ire  hope— not 
far  future  of  the  physiolt^y  of  the  times  to  come. 

I  nii;!ht  bring  before  yon  other  illnstrations  of  the  theme  which  I 
have  in  hand.  I  conld.  I  think,  show  yon  that  the  very  greatest  of  aU 
recent  advances  in  onr  art,  that  based  on  onr  knowledge  of  the  ways 
and  works  of  minnte  organisms,  has  come  abont  becanse  several  inde- 
pendent g-Ains  of  science  met,  in  the  fullness  of  time,  and  linked  them- 
»elvei>  to>;eiher.    But  my  time  is  spent. 

I  slionlil  be  very  loth,  however,  and  yon,  I  am  sure,  would  not  wish 
thiit  I  !>bonIil  end  this  fir»t  Hnxley  lecture  without  some  word  as  to 
what  the  great  man  whose  name  the  lectures  bear  had  to  do  with  the 
pro'rrejison  some  jmintK  of  which  I  have  touched.  He  bad  an  influence. 
I  think  A  very  ^reat  one,  upon  that  progress,  though  bis  influence,  as  is 
nntiimt,  bore  most  on  the  progress  in  this  country. 

Tfae  conilition  and  prospect.-*  of  physiology  iu  Great  Britain  at  the 
present  moment  are,  I  venture  to  think,  save  and  except  the  needless 
bonds  whieh  the  lejxislature  has  placed  upon  it,  better  and  brighter 
than  they  ever  have  been  before.  At  one  time,  perhaps,  it  might  have 
been  sai<l  tliat  phy^ioto^  was  for  the  most  part  being  made  in  Ger- 
many; for,  in  spite  of  the  tact  that  some  of  the  greatest  and  most  preg- 
nant ideas  in  pliysiolojry  have  sprung  from  the  English  brain,  it  must 
be  oonft'»se«l  that  in  the  more  ordinary  researches  the  output  iu  Eng- 
land has  at  times  not  been  commensurate  with  her  activities  of  other 
kinds.  Hut  that  cannot  be  said  now.  The  English  physiological  work 
of  to-day  is,  both  in  quantity  and  quality,  at  least  equal  to  that  of  other 
nations,  having  resi>eet  to  English  resources  and  oppottunities.  Part 
of  this  is  pmbitbly  due  to  that  activity  which  is  the  natural  response 
to  the  stimulus  of  obstacles.  The  whip  of  the  antivivisectionists  has 
dcfc^ttett  irs  own  end.  But  it  is  also  in  part  due  to  the  influence  of 
lluNloy, 

Thai  influence  van  twofold,  direct  and  indirect.  I  need  not  remind 
,wn  thttt  not  only  when  he  out  on  the  benches  of  Charing  Cross  Hos- 
pital, but  all  Ilia  lifelong  iifterwanls.  Hartley  was  at  heart  a  physiologist 
Vh>'M<>h>liv,  the  l>eanty  of  which  Wharton  .Tones  made  known  to  Mm, 
WKM  liiM  DvHt  love.  That  morphology,  which  circumstances  led  him  to 
C(n>-"  '->,t  n  seoomi  love:  and  though  hisaffectiou  for  it  grew 
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with  long-contiDQed  daily  commanion,  and  lie  proved  a  faithful  lins- 
baiid,  devoting  himself  vith  ateadfast  energy  to  her  to  vhooi  he  had 
been  joined,  his  heart  went  back  again,  and  especially  in  the  early  days, 
to  the  love  which  was  not  to  be  his.    What  he  did  for  morphology  may 
perhaps  give  ns  a  measure  of  what  be  might  have  done  for  physiology 
Lad  bis  early  hopes  been  realized.     As  it  va?,  he  could  show  his  lean- 
ings chiefly  by  helping  those  who  were  following  the  career  denied  to 
himself.    Unable  to  put  his  own  hand  to  the  plow,  he  was  ever  ready 
to  help  others  whom  fate  bad  bronght  to  that  plow,  especially  us 
yoanger  ones,  to  keep  the  furrow  straight.    And  if  I  venture  to  say 
that  the  little  which  he  who  is  now  speaking  to  you  has  been  able  to  do 
is  chiefly  the  result  of  Huxley's  inflnence  and  help,  it  is  because  that 
ODiy  illustrates  what  he  was  doing  at  many  times  and  in  many  ways. 
His  Indirect  influence  was  perhaps  greater  even  than  his  direct. 
The  man  of  science,  conscious  of  his  own  strength,  or  rather  of  the 
strength  of  that  of  which  he  is  the  instrument,  is  too  often  apt  to  under- 
rate the  weight  and  importance  of  public  opinion,  of  that  which  the 
world  at  large  thinks  of  his  work  and  ways.    Huxley,  who  had  in  him 
the  making  of  a  sagacious  statesman,  never  fell  into  this  mistake. 
Though  he  felt  as  keenly  as  any  one  the  worthlessness  of  popnlarjudg- 
men  t  upon  the  value  of  any  one  scientific  achievement,  or  as  to  the  right 
or  wrong  of  any  one  scientific  utterance,  he  recognized  the  importance 
of  securing  toward  science  and  scientific  efforts  in  general  a  right  atti- 
tude of  that  iwpular  opinion  which  is,  after  all,  the  ultimate  appeal  in 
all  mundane  affairs. 

And  much  of  his  activity  was  directed  to  this  end.  The  time  which 
seemed  to  some  wasted,  he  looked  upon  as  well  spent,  when  it  was  used 
for  the  purpose  of  making  the  people  at  large  understand  the  worth 
and  reach  of  science.  Ko  part  of  science  did  he  more  constantly  and 
fervently  preach  to  Ihe  common  folk,  than  that  part  which  we  call 
physiology.  His  little  work  on  physiology  was  written  with  this  view, 
among  others,  that  by  helping  to  spread  a  sound  knowlcdgeof  what 
physiology  was,  among  the  yonng  of  all  classes,  he  was  preparing  the 
way  for  ajnst  appreciation  among  the  public  of  what  were  the  aims  of 
physiology,  and  how  necessary  was  the  due  encouragement  of  it. 

And  if,  as  I  believe  to  be  the  case,  physiology  stands  far  higher  in 
public  opinion,  and  if  its  just  ambitions  are  more  clearly  appreciated 
than  tbey  were  fifty  years  ago,  that  is  in  large  measure  due  to  Huxley's 
words  and  acts.  I  have  not  fo^otten  that  he  was  one  of  a  commission 
whose  labors  issued  iu  the  forging  of  those  chains  to  which  I  have 
referred ;  but  knowing  something  of  commissions,  and  bearing  in  mind 
what  were  the  viewsof  menof  high  influence  and  position  at  that  time, 
I  tremble  to  think  of  what  might  have  been  the  fate  of  physiology  if  a 
vUe  hand  had  not  made  the  best  of  adverse  things. 

One  aspect  of  Huxley's  relations  to  science  deserves,  perhaps,  special 
comment.    On  nothing  did  he  insist,  perhaps,  more  strongly  than  on 
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the  CMMCption  that  great  as  are  the  material  bMi^ts  whith  mow 
frOB  acieocc.  greater  atill  ia  the  inteilectnal  and  moral  good  vhkhh 
bringB  to  man;  and  part  of  bis  zeal  for  pbyaoloey  was  based  oa  Ac 
convurtkm  that  great  as  is  the  he)p  whieh,  as  the  basis  of  the  kaovl- 
edgc  of  disease,  and  its  applications  to  the  healing  art,  it  trfhrs  to  ssfo- 
in^  hiimaiiit7  in  its  pains  and  ills,  still  greater  is  the  promise  whirlt  it 
gives  of  clearing  up  the  dark  problnns  of  hnman  nature,  and  layiBg 
dowm  mle^  for  hnman  condnct.  No  token,  in  these  present  da,n.  i^ 
more  striking  or  ntore  moamfnl  than  that  note  of  pessimism  which  is 
noonded  by  so  many  men  of  letters,  in  onr  own  land,  no  le«s  thao  a 
others  who.  knowing  nothing  of,  take  no  heed  of  the  ways  and  ajms  of 
sHeoce.  Cast  adrift  frtm  old  moorings,  sncb  men  toes  about  in  dark- 
nc^  on  the  waves  of  des|«ir.  There  was  no  sncb  note  firom  Hnsk^. 
Be  bad  marked  the  limits  of  homan  knowledge,  and  had  been  led  to 
doobt  things  aboat  which  other  men  an  snre,  but  be  never  doabted  in 
tbe  witrih  and  growing  power  of  science,  and,  with  a  justified  optimism, 
Im^i^I  forward  with  confident  hope  to  its  being  man's  help  and  guide 
ill  ill*  diij-*  l<t  come. 


Dcillizedoy  Google 


LUDWIG  AND  MODERN  PHYSIOLOGY.^ 


By  J.  Buedon-Sandeemok. 


I.  INTRODUCTION. 

The  death  of  auy  discoverer — of  anyone  who  has  added  largely  to 
tbe  Bum  of  bnman  knovledge — affords  a  reason  for  inquiriug  vbat  his 
work  was  and  how  be  accomplished  it.  This  inquiry  has  interest  even 
when  the  work  has  been  completed  in  a  fiew  years,  and  has  been 
limited  to  a  single  line  of  investigation — mnch  more  when  tbe  life  has 
beeu  associated  vitb  tbe  origin  and  development  of  a  new  science  and 
baa  extended  over  half  a  centnry. 

The  science  of  physiology,  as  we  know  it,  came  into  existence  fifty 
years  ago,  with  tbe  beginning  of  tbe  active  life  of  Ludwig,  in  tbe  same 
aense  that  the  other  great  branch  of  biology,  tbe  science  of  living  beings 
(ontology),  as  we  now  know  it,  came  into  existence  with  tbe  appearance 
of  the  "Origin  of  Species."  In  the  order  of  time  physiology  bad  tbe 
advantage,  for  the  new  physiology  was  accepted  some  ten  years  before 
the  Darwinian  epoch.  Notwithstanding,  the  content  of  tbe  science  is 
relatively  so  unfamiliar,  that  before  entering  on  the  discnssion  of  tbe 
life  and  work  of  tbe  man  who,  as  1  shall  endeavor  to  show,  bad  a  larger 
share  in  founding  it  than  any  of  his  contemporaries,  it  is  necessary  to 
define  its  limits  and  its  relations  to  other  branches  of  knowledge. 

Tbe  word  physiology  has  in  modern  times  changed  its  meaning.  It 
oDcecomprehended  the  whole  knowledge  of  nature.  Now  it  is  tbe  name 
for  one  of  tbe  two  divisions  of  the  science  of  life.  In  the  progress  of 
investigation  tbe  study  of  that  science  has  inevitably  divided  itself 
intotwo:  ontology,the8cienceof  living  beings;  physiology,  the  science 
of  living  processes,  and  thus,  inasmuch  as  life  consists  in  processes,  of 
life  itself.  Both  strive  to  understand  tbe  complicated  relations  and 
endless  varieties  which  present  themselves  in  living  nature,  but  by 
different  methods.  Both  refer  to  general  principles,  but  they  are  of  a 
different  nature. 

To  the  ontologist,  the  student  of  living  beings,  plants,  or  animals, 
the  great  fact  of  evolntiou,  namely,  that  from  the  simplest  beginning 
our  own  organism,  no  less  than  that  of  every  animal  and  plant  with  its 
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iuliuit«  tK>uij>litiii.uuii  vi'  ijarte  luid  jMwtub,  nlrfblri^  tke  jilaij  af  itt-  exuS- 
«w>^ — Uktiu  w'ltb  lite  ul>iM9rv»tioiJ  that  tiuil  «aiall  bftgimiiiip  ^ra&.  m  idl 
es.tiK\i\iug  t\m  luwuot  furnib.  iiH«lf  d«ri\'ed  fitm  two  parenfi^.  ciHBiltT 
tjuui  iw^^iij  tlie  litwib  Irutn  wlii<:L  liii>  Btndv  and  taiawieA^  nT  tit 
World  vf  living  U^iugb  tak«e  ite  dejtartnre.  For  on  Utern-  twt<  fiMTO — 
«v«lutk>u  HUil  dvooeut — tb«  «x]>iorer  of  iite  fanus.  dkUrilmtioa.  md 
li:il>itp  of  uiiiuiulii  aud  {ilaiits  liSK,  Biuue  tlie  I>arwiiiisii  «iMt^  Tebe^ 
hJUj  iuj  i^vui'iuci'tTi^Jij^  vertaiut.v.  aud  liae  fonnd  in  than  tbr  «x}tlsiia- 
tiou  •>('  wveiy  )^Leu(>ui«tK>ii,  tli«  bulotiuti  of  ev<^-  probleiu  relaini^ls 
lilt.-  Kul(je<:t  of  iiiis  Jucjuiry.  N«r  eould  be  nisL  for  a  more  secnrF  lMsi&. 
WhaU'vui'  di>ulHe  or  uiisgiviu^  ^idul  iu  tbe  miudf  of  ** iKmbkilogiH*'' 
iu  rcjdlloij  to  it  ujn}'  b«  attributed  j«rt)y  to  tbe  aaaoeuitaoii  ^hii  de 
djji'Ciiiieot't-VMluti'fU  uf 'ju«Ktiuiis  wLicli  tbe  tmf  nHCandisi  re^nffdsac 
(luijMX'ii'b-jit^l,  jMitl/  to  tbe  perv«rEion  or  weakening  of  ii*e>zii^ 
wlii':li  tlu;  teim  biii«  mittered  iu  euuHeqaeuoe  of  ite  iutrodQirtioD  iutn  ite 
IdiniiiHiu:  >if  iv>miiii)U  life,  aud  purticolarly  to  tlie  babtt  nf  apjilriiif  it  to 
ujiy  kind  of  jdKjfieM  ur  iiuifrovement,  an^'thtiig  irbit^  from  snaD 
iR'l^ijjiiijgh  giaflually  luirrt^«e8,  But,  |««Tided  that  vt-  lintit  tbe  teia 
tit  iiui/iiijijiul  M'linti— tlieevolutiouofa  IJAiug  bong  fram  its  ftsrm  by  a 
i;i/iiLiiiiJou0,  inH  u  giHdutil  itri)txi»s — there  in  ooooncwfitioii  wbx^  i&  dmr 
fiiii.-  fiojij  difiibt  citliei'  SM  to  itit  meaniugor  realitr.  It  is  iBwcparaMe 
ti'im  lliat  Iff  lire  iifivir,  whkli  ia  but  tbe  aufoldiiig  of  a  pr«deEtiB«] 
Uiiimoiiy,  lit  »  piearraiigeii  (wtiBetDsuH  aud  ejuergy  of  jtartK. 

'I'ljti  iflher  l)Mitit:li  of  biology,  that  with  which  Lodwig's  name  U 

UBMfi^iiilitil,  iU;u\»  with   tho  Maine  fu<:tit    in  a  diffei«nt  way.    While 

iiiiliilogy  I'l'ifiiiilii  uiiiiniilH  and  |ilaiitti  as  iudividnals  and  in  relsticHi  to 

iitlii^i*  iiiiljviiliiulti,  ]ihyn\ii\»gy  <»iiiaident  the  processee  Ibentselves  of 

wliii'li  life  itt  11  (u)iri|ih!K,    TbiN  in  thu  moat  obvious  distinrtioiL,  tmt  it  is 

HLiboi  liiijiite  to  tliM  ftiiidHiiKiiitiil  oiie,  iiauiely,  that  while  ontc^i^y  has 

fur  itu  lianin  Iuwm  wbii-b  aio  in  force  only  in  itH  own  province,  thoee of 

tivuliMJiin,  di'Hi'itnt,  mill  iula|itHlioii,  we  physiologists,  while  accepting 

tlienu  iiH  iniii,  fiiuiiil  iiiitiiiiitf  u|K>u  them,  asing  them  only  for  enriatic 

[iiir|i<iHi-H,  i.  «.,  iiM  iiuiduH  to  dixeuvery,  not  for  the  purpose  of  esplaaa- 

tioii.     I'lirriiiriivit  iidii illation,  for  example,  serves  as  a  clue,  by  which 

iiiiitly  Kiiidod  111  oiir  exploration  of  the  tangled  labyrinth 

iwHHi'H,     Hut  wlioii  It  bi^comes  our  business  to  explain  these 

t<i  Hiiy  Imw  they  are  brought  about — we  refer  them  not  to 

riimiploM  of  any  kind,  but  to  tbe  universal  laws  of  nature. 

i|>|i«iis  that  with  reference  te  each  of  these  processes,  our 

lilhiir  bow  it  oi'curs  than  why  it  occurs. 

uii  well  Hidd  that  tbe  natural  soienoes  are  the  children  of 

Just  as  tbe  utlii>r  natural  scieuccs  owed  their  origin  to  the 

r  aciinlring  that  contnil  over  the  forces  of  nature  without 

^uuld  Hciircely  be  worth  living,  so  pliysiology  arose  out  of 

M'ing  and  the  necessity  of  relieving  it.    It  sprang,  indeed, 

•*•-»'     It  was  suffering  that  led  us  to  know,  as  regards  cor 
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own  bodies,  that  we  bad  internal  as  well  as  exterual  organs,  aud 
probably  oue  of  the  first  generalizatioiia  which  arose  out  of  this 
knowledge  was,  that  "If  one  member  suffer  all  the  members  saffer 
vith  it" — that  i^l  work  together  for  the  good  of  the  whole.  In  earlier 
times  the  good  which  was  thus  indicated  was  associated  in  meu's  minds 
witb  hnmaD  welfare  exclusively.  But  it  was  eventually  seen  that 
oatarehasnolessconsidemtioBfor  the  welfare  of  those  of  ber  products 
whiob  to  us  seem  hideous  or  mischievous,  than  for  those  which  we 
regard  as  most  useful  to  man  or  most  deserving  of  bis  admiration.  It 
thus  became  appareut  that  the  good  in  question  could  not  be  human 
exclusively,  but  as  regards  each  animal  its  own  good — and  tbat  in  the 
organized  world  the  existence  and  life  of  every  species  is  brought  into 
sabordiuation  to  one  purpose — its  own  success  in  the  struggle  for 
existence.' 

From  what  has  preceded  it  may  be  readily  understood  that  iu  physi- 
ology adaptation  takes  a  more  prominent  place  tbau  evolution  or 
descent.  In  the  prescientitic  period  adaptation  whs  everything.  The 
obeervation  that  any  structure  or  arrangemeut  exhibited  marks  of 
adaptation  to  a  useful  purpose  was  accepted,  not  merely  as  a  guide  in 
research,  bat  as  a  full  and  final  explanation.  Of  an  orgiiuism  or  organ 
which  perfectly  fulfilled  initsstructureand  working  the  end  of  its  exist- 
ence nothing  farther  is  required  to  be  said  or  known.  Physiologists  of 
the  present  day  recognize  as  fnlly  as  their  predecessors  tbat  perfection 
of  contrivance  which  displays  itself  in  all  living  stracturea  the  more 
exquisitely  the  more  minnt«ly  they  are  examined.  So  one,  fur  example, 
has  written  more  emphatically  uonp  this  point  tban  did  Ludwig.  In 
one  of  his  discourses,  after  showing  how  nature  exceeds  the  highest 
standard  of  human  attainment — how  she  fashions,  as  it  were,  out  of 
nothing  and  without  tools  instruments  of  a  perfection  which  the  human 
artificer  can  not  reach,  though  provided  with  every  suitable  material — 
wood,  brass,  glass,  india  rubber — he  gives  the  organ  of  sight  as  a  signal 
example,  referring  among  its  other  perfections  to  the  rapidity  with 
which  the  eye  can  be  fixed  on  numerous  objects  iu  succession  and  the 
instantaneoos  and  unconscious  estimates  which  we  are  able  to  form  of 
thedistances  of  objeL^ts,  each  estimate  involving  a  process  of  arithmetic 
which  no  calculatiug  machine  could  effect  iu  the  time.*    Iu  another 


'I  am  aware  tbnt  in  thnn  atntin)^  tbe  relation  betwceD  odaptnCioD  taul  the  Btru);gle 
for  BxiatencB,  I  inay  seem  to  lie  reversiDg  tlie  order  followed  liy  Mr.  Darwin,  iniia- 
niDch  as  be  TeK^rdeil  the  anrvival  of  organisiuB  which  are  fittest  for  tlieir  place  in 
natnie,  ami  of  parts  which  are  lilteBt  for  their  place  in  the  orgauism,  as  tho  agency 
bj  which  adaptednesa  is  brought  aboot.  However  thin  may  bo  uxpreaseil  it  can  npl 
bedonbted  that  fitueas  is  an  waential  of  orgauisma.  Living  Iwiuga  are  the  only 
thingH  in  natnre  whioh  by  virtuo  of  evolution  and  doscent  are  able  to  adapt  tbeui- 
■elvGAto  tbeir  MirroiiDdingB.  It  ia  therefore  only  so  far  as  orgauiaui  (with  all  it« 
■ttribntes)  is  presupposed,  that  the  dependenoe  of  adaptation  on  aurrival  ia  inlelli. 
glble. 

*I  •nmmarize  here  from  a  very  latereatiog  lecture  entitled  "  Leid  nnd  Fraude  in 
der  NataTfoTsrlillDiCi"  pnblJahec)  iu  tt)«  narteiiUube  (No*.  22  and  23)  in  mO. 
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diacoorae — that  given  at  Leipzig  wt 
in  1865 — he  reoiarks  that  when  ia  < 
animn  of  an  orgau  ve  at  last  come  to  ■ 
by  the  recognitioD  "that  the  hiu 
compared  with  the  nnkDOvn  Macto-  of  tht  ■ 

Some  readen  vill  perfaa|M  renemba-  bov  ovc  mtv 
pbiloBopbical  writers,  in  a  diaooftrae  to  tke  £ 
a  (|aarter  of  a  centiirf  ago.  averred  on  tbe  ;Mth«iTrj  «f  a  £ 
ologiit  that  the  eye,  regarded  as  an  OfAical  iBtUaaMBi.  w:at  n>  btSmar 
a  prodoctioQ  that  if  it  were  the  work  of  a  meAa^aam  n  -v-tMLJii  bv  -xmsai- 
able.  Without  criticisiDg  or  eodeavonng  tm  exjdan,  da;  passAax,  I 
may  refer  to  it  as  having  gtvai  the  nmnteBaBoc  rf  a  43SEzsf«sfecd 
name  to  a  miHCOUception  which  I  kaow  exnu  ia  At  mma^  «d  b^bj 
persons,  to  the  effect  that  the  Mimtifie  pkyndop^a  »  kmv  «r  less 
blind  to  tbe  eridence  of  design  in  ctcmma.  Ob  the  cnnnari-.  ifce  vipw 
taken  bv  Ladwig.  as  expressed  in  tbe  words  I  baw  ewNBd.  if  Aat  of 
all  physiologist*.  Tbe  disnse  of  tbe  tekxAofrkal  expnaaans  wbirb 
wer«  formerly  cnrrent  doe«  nut  imply  that  ibe  iadicatiaBsoif  eeUnraiKC 
are  !«*■  appret-inted.  for.  on  the  ooatrair.  we  rppxrd  ihem  ■*  man 
charai-ceristii-  of  or^nism  as  it  pn«etiis  iiseW  to  tmx  obormtioa  Oaa 
anv  other  -.f  it*  endowmenta.  Bnt,  if  I  may  t*  }<«vn<c<d  lo  repeat 
what  lia*  been  already  said,  we  ose  tbe  eridcnccs  of  adaf4at>(<B  diffrr- 
ently.  We  fonnd  no  eiplanarion  on  ibis  «c  any  otber  \icAapcal  pria- 
«j.le.  bot  refer  all  the  pheDomeoa  by  whiek  iheee  maufesa  thfnsdrvs 
t>>  ilie  >iiiipler  and  !»'«*  renaiu  pbysical  laws  of  tbe  aiiniMse. 

^Tliy  mnst  «»•  take  tbij'  po>itk«iT    Fit«.  bcnve  it  is  »  jpetiend  rule 

in  -:iTe«ti cation n  of  all  kind.*  lo  explain  tbe  BMCf  eoaplex  by  tbe  more 

simi'le.    Ti>*i  malarial  niiiverse  is-  manifcsly  divided  into  two  parte. 

the  Iinui;  and  th<-  iimdivitig.    We  may.if  we  Uke.  take  tbe  bring  asonr 

Sorma.  and  jwy  V>  i\»-  physiti-t:  -  Y-a  mast  cow  to  as  for  law«:  yoa 

mu-<t  at-count  for  tli«;  play  of  enCTgie*  in  nnrrvfal  oatwre  by  referring 

them  to  evolnti'tii,  <l<Nerit.  a-lajiiaiion.-    l»r  we  -ay  take  tbese  words 

;ti  trurexpres-ioi.f  of  the  mutual  reiati-ws  between  ifce  pbeaonena  and 

pnxvss*^  pwruliar  lo  livine  l»eings.  nsinp  for  tbe  exptanadon  of  ibe 

piviivssi^  tbeniselvwi  the  same  metbods  wbi<  h  w»  iteUd  emfdoy  if  we 

were  ei;stt;:ed  la  the  invMrtigation  of  analopows  processes  going  on 

indoiK-iKU-ntlv  of  life.    I^et  ween  these  two  coarse*  Uwre  seems  to  me  to 

Iv  U-'  t':ird  allemative.  anie-'S  we  snj.pose  that  tberrare  tww  malerial 

of  our  bodies  belongs,  tbe  otber 

ber  plant  or  animaL 

e-     We  sbooM  hare  ta  go  bark  to 

II  pre^iestifir.  when  tbe  worid  of 

at*  irp  »»^  iollATs^  "  Wean  bbs  wxUiiib 
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life  and  organization  vaa  sopposed  to  be  governed  excloBlTely  hy  its 
own  lairs.  The  work  of  the  past  &fty  years  bas  beeii  done  on  the 
opposite  principle,  and  has  brought  light  and  clearness  ?here  there 
was  before  obscurity  and  confusion.  All  this  progress  we  should  have 
to  repadiate.  Bat  this  would  not  be  all.  We  should  have  to  forego 
the  prospect  of  future  advance.  Whereas  by  holdinif  on  onr  present 
coarse,  gradually  proceeding  from  the  more  simple  to  the  more  com- 
plex, from  the  physical  to  the  vital,  we  may  confidently  took  forward 
to  extending  our  knowledge  considerably  beyond  its  present  limits. 

A  no  less  brilliant  writer  than  the  one  already  referred  to,  who  is 
also  no  longer  with  us,  asserted  that  mind  was  a  secretion  of  the  brain 
in  the  same  sense  that  bile  is  a  secretion  of  the  liver  or  urine  that  of 
the  kidney;  and  many  people  have  imagined  thia  to  be  the  necessary 
outcome  of  a  too  mechanical  way  of  looking  at  vibil  phenomena,  and 
that  physiologists,  hy  a  habit  of  adhering  strictly  to  their  own  method, 
have  failed  to  see  that  the  organism  presents  problems  to  which  this 
methCMl  is  not  applicable,  such,  e.  g.,  as  the  origin  of  the  organism 
itself  or  the  origin  and  development  in  it  of  the  mental  faculty.  The 
answer  to  this  suggestion  is  that  these  questions  are  approached  by 
physiologists  only  in  so  far  as  thoy  are  approachable.  We  are  well 
aware  that  our  bnsiness  is  with  the  nuknown  kaowabte,  not  with  the 
traoscendental.  Doring  the  last  twenty  years  there  has  been  a  con- 
siderable forward  movement  in  physiology  in  the  psychological  direc- 
tion, partly  dependent  on  discoveries  as  to  the  localization  of  the 
higher  functions  of  the  nervous  system,  partly  on  the  application  of 
methods  of  measorement  to  the  concomitant  phenomena  of  psychical 
processes;  and  tlicMO  researches  have  brought  us  to  the  very  edge  of 
a  region  which  can  not  he  explored  by  onr  methods,  where  measnre- 
meuts  of  time  or  of  space  are  no  longer  possible. 

In  approaching  this  limit  the  physiologist  is  liable  to  fall  into  two 
mistakes;  on  the  one  hand,  that  of  passing  into  the  transcendental 
without  knowing  it;  on  the  other,  that  of  assuming  that  what  he  does 
not  know  is  not  knowledge.  The  llrst  of  these  risks  seems  to  me  of 
littlf.  moment;  first,  because  the  limits  of  natural  knowledge  in  the  psy- 
chological direction  have  been  well  defined  by  the  best  writers,  as,  e.  g., 
by  Du  Bois-Beymoud  in  his  well  known  essay  "On  the  limits  of  natural 
knowledge,"  bnt  chiefly  because  the  investigator  who  knows  what  he  is 
about  is  arrested  in  limine  by  the  impossibility  of  applying  the  experi- 
mental method  to  questions  beyond  its  scope.  The  other  mistake  is 
chiefly  fallen  into  by  careless  thinkers,  who,  while  they  object  to  the 
employment  of  intuition  even  in  regions  where  intuition  is  tlie  only 
method  by  which  anything  can  be  learned,  attem])t  to  describe  and 
define  mental  processes  in  mechanical  terms,  assigning  to  these  terms 
meanings  which  science  does  not  recognize,  and  thus  slide  into  a  kind  of 
speculation  which  is  as  futile  as  it  is  uophilosophical. 
8M9« 24 
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11.  I.CDWIG  AS  I>TEfiTlGATOB  ATH'  TEACHEll. 

The  Qti^^Yntfal  hishMy  o€  I«dvi£>  Itip — hov  flsdy  1«  ^ae^^n  his 
ii)\ti>tjpili(>n  of  ttie  austomy  luid  fauotitai  «tf  tl>c  kidnfTc;  b«v  be 
l)f^-lll»^  Jiiiil  fifty  yearn  ago  titalar  jfrvSomar  at  Msrlmrfu  in  i^^  ^bsQ 
iinnrrhity  of  bix  native  State,  Hesse  Casad;  Low  is  1S49  be  Ji.iund 
l<t  /iirirh  ««  Ai-tual  profeasor  aod  theteopon  nunied:  faav  Le  vaa  nx 
><>Hi>  Uirr  )ii^inot^  to  Vienna — baa  already  been  adJBiraUr  refaced 
II)  iIk"!^  lUMrt**  hy  Dr.  Stirling.  Id  1S65,  aficr  tveoty  jobt  of  pntot- 
niti  lit)  o\)M>nonr«i,  bnt  still  in  tbe  prime  of  liie  aad.  ae  it  fiwed  <mt. 
« til)  tt))rty  yeHFs  of  activity  stiU  before  bin.  be  aetxfAed  the  d^ir  «( 
)tl);i  M(tl<i):y  Ht  l^ipEig.  His  iovitation  to  that  great  uiranaty  -wmg,  fay 
Mr  thf  itxMt  Important  occarreaee  in  bis  life,  for  the  liltera£Ty  of  the 
8a\i>u  tlovt'ritnieitt,  and  i>articnlarly  the  enei^ctic  sapfiart  vbich  he 
lV('<<t^<'^l  iViiiu  ihoenligbtt'oed  Minister  Vou  Falkenstcu. enabled  hia  tD 
iii>><<vi)|t)iKl)  fitr  physiology  what  bad  never  before  been  attcKjited  on  aa 
•»<liS)iiiktK  ai<mK  No  (wonor  bad  he  been  appointed  than  be  ext  biKnIf  to 
i')^>itli'  \i  \u*t  wHit  touteiitial  to  the  progreHSof  tbencieBce — a^rcatolMerr- 
t)i<it,\,  Aiio)it:i><)  not  aM  a  louseam,  biitmnob  man  like  a|Ay«ieal  asd 
vtit>mi>\)l  lM)Miniliiry,  pnivided  with  all  that  was  needed  for  the  apjdica- 
I  i>>i)  i>i  I'viki'l  iiii>thiHU  of  research  to  the  investigatiofl  of  tbe  processes 
ol  )iii>  riio  iili>ii  w'liirh  be  bad  ever  in  view,  and  which  he  carried  into 
('ll(-.l  tluuiid  lU*  111!*!  thirty  years  of  bis  life  with  signal  BoooesK,  was 
(ii  1(11  III'  lii'i  lil'o  work  at)  an  investigator  with  tbe  highest  kind  of  teacb- 
ma.  \'\\'i\  ttl  Miirburg  and  at  Zilrich  be  had  began  to  form  a  school; 
|t<i  <iUi>iitl\  DH-niii'itrly  of  lii»own  age  bad  rallied  Tonndhim.  Attracted 
Ml  ilii>  lUM  ))istrtiK't-  by  lilB  pnrly  discoveries,  they  were  held  by  the 
lull  c  .il"  bis  obiniU'ttT,  luid  became  permanently  aasociatad  with  him  in 
|,lH  wuil,  H!i  \\\n  b>\»l  iViondrt  and  followers — in  the  highest  sense  his 
K,  liol.iia.  If,  ibi'ix'foi'*,  we  Bjicak  of  Ludwig  as  one  of  the  greatest 
h-iii  liriH  ol'  M'ii<ii(V  tbe  world  lias  seen,  we  have  in  miud  bis  relati<Mi 
III  llm  io(<ii  wlio  ntiiKtHl  tbouiselvea  under  bis  leadership  in  the  bnild- 
IHH  (III  111'  lb«  wimu-o  of  pliyaiology,  without  reference  to  his  function 
iiM  nil  Mnluiiuy  in'iitU'iutral  teaober. 

|i|  iliiH  roliihoii  wo  oiin  iHiatjiidgfe  by  the  carefbl  pernsal  of  tbe  unnt- 
i-ioUH  biuHriijihlotil  tiiwiioini  which  have  appeared  since  his  death,  more 
(i.iiliiiOiulv  IhoM.  of  l'rotfes«oi-  His'  (Leipzig),  ofProfessot  Kronecker' 
ilti  MU,  «lio  wiw  lor  many  years  his  ooa4iiitor  in  the  institnt*,  of  Pro- 

,, ,  \  ,11,  1^1,4  •  (\VilrjiiinrB),  of  Professor  Vou  Kries'  (Preiborg),  of 

|.,„lv....-"i 


'  (  Tiiriii).  «•'  Professor  Fano*  (Florence),  of  Professor 
.iiiliiiu  loiil  K»rl  TlilKNoh.  Akademiiclie  UsdiichtDiMrede.  Leipzig, 
I  till  I  il«<l«rl«li  WllUelm  l.uilwig.     Berliner  klin.  Woclieoiwh.,  1896, 

ml  I  inlw'H      NiHilinif.  EHogrephiaohe  Blutter,  Rerlia.VoI.  I,  rt.3. 

I  Nit  I  >iilwli|.     FTollxirii.  I'll-  I-<  ^^^' 

I  I  ii.lrtlii      liin  Nulloii,  Uerlin,  No..  3«,  39. 

I 'III  Im  t'liilMlu  t 'i>iuin«iu"''>zioQe.     CMnlca  Modertw,  Florence,  LNo.  T, 
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TiKerstedt*  (Upsala),  of  Pi-ofeasot  Stirling'  in  Eiigland.  With  tbe 
exception  of  Fick,  whose  relations  with  Ludwig  were  of  an  earlier  date, 
and  of  his  colleague  in  the  chair  of  aDatomy,  all  of  these  distingnished 
teachers  were  at  one  time  workers  in  the  Leipzig  Institute.  All  testify 
tbeir  love  and  reneration  for  the  master,  and  each  contribntes  some 
KtrikiDg  touches  to  the  picture  of  his  character. 

All  Liudwig's  iuvestigations  were  carried  oat  with  his  sctiolars.    He 
possessed  a  wonderful  faculty  of  setting  each  man  to  work  at  a  problem 
BQited  to  his  talent  and  previous  training,  and  this  he  carrie<l  inro  effect 
by  associatiot^hitn  with  himself  ill  some  research  which  be  bad  either  in 
progress  nr  in  view.    Daring  the  early  years  of  the  Leipzig  period  alt 
the  work  done  under  bis  direction  was  pnblislied  in  the  well  known 
volumes  of  the  Arbeiten,  and  subsequently  in  the  Archiv  fiir  Aiiatomie 
nud  Pbysiologie  of  Dn  Bois-Reymond.    Each  "Arbeit"  of  the  labora- 
tory iippeared  in  priot  under  the  name  of  the  scholar  who  operated 
with  his  master  in  its  prodaction,  but  the  scholar's  part  in  the  work 
done  varied  according  to  its  nature  and  his  ability.     Sometimes,  as  Von 
Kries  says,  he  sat  on  the  window  sill,  while  Ludwig,  with  the  efBcient 
help  of  his  laboratory  assistant,  Salvenmoser,  did  the  whole  of  the  work. 
In  all  cases  Ludwig  not  only  formulated  the  problem. but  indicated  the 
course  to  be  followed  in  each  step  of  the  investigation,  calling  the 
worker  of  coorse  into  counsel.    In  the  Hnal  working  np  of  the  results 
he  always  took  a  principal  part,  and  often  wrote  the  whole  paper.    Bat 
whether  he  did  little  or  much,  he  handed  over  the  whole  credit  of  the 
performance  to  his  coadjutor.    This  method  of  publication  has  no  doubt 
the  disadvantage  that  it  leaves  it  uncertain  what  part  each  had  taken; 
bat  it  is  to  be  reraenibered  that  this  drawback  is  unavoidable  whenever 
master  and  scholar  work  together,  and  is  outweighed  by  the  many 
advantages  which  arise  from  this  mode  of  cooperation.    The  iustances 
in  which  any  uncertainty  can  exist  in  relation  to  the  real  authorship 
of  the  Leipzig  work  are  exceptional.    The  well-informed  reader  does 
not  need  to  be  told  that  MoBBOor  Schmidt,  Brunton  or  Gaskell,  Stirling 
or  Wooldridge  were  the  aothors  of  their  papers  in  a  sense  very  diCferent 
from  that  in  which  the  term  could  be  applied  to  some  others  of  Lud- 
wig's  pupils.    On  the  whole,  the  plan  must  be  jadged  of  by  the  results. 
It  was  by  working  with  his  scholars  that  Ludwig  trained  them  to  work 
afterwards  by  themselves,  and  thereby  accomplish  so  much  more  than 
other  great  teachers  have  done. 

I  do  not  think  that  any  of  Ludwig's  contemporaries  could  be  com- 
pared to  him  in  respect  of  the  wide  range  of  his  researches.  In  a 
science  distinguished  from  others  by  the  variety  of  its  aims,  he  was 
equally  at  home  in  all  branches,  and  was  equally  master  of  all  methods, 
for  he  recognized  that  the  most  profound  biological  question  can  only 
be  solved  by  combining  anatomical,  physical,  and  chemical  inquiries. 
It  was  this  consideration  which  led  him  in  planning  the  Leipzig  Iiisti- 

'Tigerstedt.    Kul  Lndwig.    Denkretle.    BiogTaphische  Blatter,  BeTlia,Vol. I, pt 3. 
'Stirling.    Science  Progress,  VoL.  IV,  No.31. 
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tnte  to  tiivide  it  into  three  ports,  esperimentiil  (in  tbe  tzmtk  restzicted 
Bcnae).  chemical,  and  lustobigi(.-aL  Well  aware  that  it  was  imposoblf 
for  a  maaTlioisoCliaYiaeoceapied  tomaintaio  his  familiarity  witk  tbc 
tecimieiil  detaila  of  liistology  and  physiok^ical  cbemistty,  he  placed 
th«ee  departmeDtM  under  the  cbai^  of  jotmger  men  capable  of  keep- 
ing them  ap  to  the  rapidly  adraociog  standard  of  the  time,  his  nla^ 
tious  with  UiseoadJDiori  being  sach  that  he  had  do  difficulty  in  retaiuinj: 
his  boUI  of  the  ihccBthtof  the  investigatioo  to  which  these  speciftl  line 
of  inijoir}'  were  cootribatory. 

It  is  Ticareely  neeessary  to  say  that  as  an  expenmenter  Lodwig  w 
tixiiippruachuble.  The  ^ill  with  which  he  carried  oat  difficult  and 
complicated  uperatioiis,  the  <^«re  with  which  he  worked,  his  quickness 
ut'  eve  ;uid  i.-ert4iiity  uf  hand  were  qnalities  which  be  bad  in  common 
Willi '.rreat  sur|:eund..  In  anploying  animals  for  experiment  be  strongtr 
oMt^'tt^  to  ruugli  uod  ready  methods,  comparing  them  to  "firing  a 
pis-tol  iuto  :t  clock  to  see  how  it  wOTks."'  Every  experiment  oug^ht,  he 
•vtiil.  to  be  L-iuvMly  pLuined  and  meditated  on  beforehand,  so  as  to 
aiM.omi)Ii>li  its  scieoalic  porpoee  and  avoid  the  indiction  of  pain.  To 
in-nire  tills  he  [wrtbrmed  all  operations  himself,  only  rarely  oommitting 
tbf  work  to  a  stiiUed  toadjntor. 

U-i  skill  iu  auiitomic*!  work  was  equally  remarkable.     It  had  htai 

■,  uiicd  ill  viirly  .Ltys.  and  appeared  thronghoat  his  life  to  have  giren 
htiM  *  en  -real  pieasure.  fi>r  Hosso  tells  how,  when  occnpying  the  room 
-uli-iiiiiii/tbat  iu  wUit-h  Ladwig  was  working,  as  he  nsnally  did,  by  him- 
^■U  ho  hwiird  cb«  outbursts  of  glee  which  accompanied  each  sucoeasftU 
stei'»  ill  some  dirlicult  anatomicU  ini-wtigaUon. 

let  ns  iiuw  exiiniiiie  ui"re  fuUy  the  part  which  Lodwig  played  in  the 
-vuliitioL  .'t  ideas  as  to  the  uature  of  vital  processes  which,  as  we  have 
IT-i,'  twk  I'l^ice  iu  the  middle  of  the  present  centnrj-. 

Vlilini'li  ii.-'  *"e  sbitll  see  afterwards,  there  were  many  men  who 
bil. TO "l'iid«iL'"s  time  iuvesiigaied  the  pboiomeoa of  life  from  the phy8i- 

I's'li-  it  wiks  lt«  i"'*!  '•**  coutemporaries  who  were  associated  with 
I  '  "i  hi",  liist  clearly  recoguizttl  the  importance  of  the  principle  that 
liiiu  «  "'^ 'j^^.j^^  ^^^^  (,„ly  be  nnderstooil  by  comparison  with  theu- 
^'"  '',ri-oUMteii.uit».aui  foresaw  that  in  this  principle  the  fiiture of 
')'■  T  k.  ■  V  «  .s  coutaiiied  as  in  a  nutshelL  Feeling  strongly  the  fmit- 
1'  '■  f  ',  "u.a  uu.M.ieutiiic  character  of  the  doctrines  which  were  theu 

"^  "  ^^    I       wore  ea"er  to  dL*cover  chemical  and  physical  relations  iu 

.!,::,  ill.  I  !•.>     ^  i^j.^J^jy  Luj^ig's intellectual  character  this  eagerness 

uiiuiit  motive.    Sot  withstanding  that  his  own  re- 

4.1V  iiisiam-es  proveil  that  there  are  important  func- 

•*  ill  ilio  aiiiuiiil  organism  which  have  no  physical  or 


,-v  bo  uoV' 


werved  either  from  the  principle  or  from 


tl    tllH'il    It. 

s»iM*  ^irougly  iudueuced  by  the  rapid  progress 
'.l».iv  »"  s^i^tifiv  discovery  at  the  time  that  be 
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Mitered  on  his  career,  h«  derived  little  from  hJa  immediate  predeces- 
sors In   his  own  science.     He  is  sometimes  placed  among  the  pupils  of 
the    great  comparative  anatomist  and  physiologist,  J.  Milller.    This, 
ho-wever,  is  a  manifest  mistake,  for  Ludwig  did  not  visit  Berlin  until 
1S47,  \rlien  Muller  wus  nearly  at  the  end  of  bis  career.    At  that  time 
be  Ita^l  already  published  researches  of  the  highest  vahie  (those  on  the 
iDecbanism  of  the  ctrcalation  and  on  the  physiology  of  the  kidney), 
and  liad  set  forth  the  line  in  which  he  intended  to  direct  his  investi- 
gations.     The  only  earlier  physiologist  with  whose  work  that  of  Lud- 
wig can  be  said  to  be  in  real  continuity  was  E.  H.  Weber,  whom  he 
sacceeded  at  Leipzig,  and  strikingly  resembled  in  his  way  of  working. 
"For  "Weber  Lndwlg  expressed  his  veneration  more  unreservedly  than 
for   atiy  other  man  excepting,  perhaps,  Helmholtz,  regarding  his  re- 
searcbea  as  the  foundation  on  which  he  himself  desiretl  to  build.    Of 
his  colleagues  at  Marburg  he  was  indebted  in  the  flrst  place  to  the 
anatomist.  Prof.  Ludwig  Fick,  in  whose  department  he  t)egan  his  career 
as  prosector,  and  to  whom  he  owed  facilities  without  which  be  conld 
not  liave  carrietl  out  bis  earlier  researches;  and  in  un  even  higher 
degree  to  the  great  chemist,  It.  W.  Bnnseii,  from  whom  he  derived  that 
training  in  the  exact  sciences  which  was  to  be  of  such  inestimable  value 
to  him  afterwards. 

There  Is  reason,  however,  to  believe  that,  as  ho  often  happens,  Lud- 
wig's  scientlflc  progress  was  much  more  influenced  by  his  contempo- 
raries than  by  his  seniors.    In  1817,  as  we  learn  on  the  one  hand  from 
Dq  Bois-Iteymond,  on  the  other  from  Ladwig  himself,  he  visited  Berlin 
for  the  first  time.    This  visit  was  an  important  one  both  for  himself 
Mtd  for  the  fhtnre  of  science,  for  he  there  met  three  men  of  his  own 
age,  Helmholtz,  Du  Bois-Eeymond  and  Briicke,  who  were  destined  to 
become  his  life  friends,  all  of  whom  lived  nearly  as  long  as  Ludwig 
himself,  and  attained  to  the  highest  distinction.    They  all  were  full  of 
the  same  enthusiasm.    As  Ludwig  said  when  speaking  of  this  visit:  ' 
"We  four  imagined  that  we  should  constitute  physiology  on  a  chemico- 
phyaical  foundation,  and  give  it  equal  scientific  rank  with  physics,  but 
the  task  turned  out  to  be  much  more  difficult  than  we  anticipated." 
These  three  young  men,  who  were  devoted  disciples  of  the  great  anato- 
mist, had  the  advantage  over  their  master  in  the  better  insight  which 
their  training  had  given  them  into  the  fundamental  principles  of  scieu- 
tjflc  research.   They  had  already  gathered  around  themselves  a  so-called 
"physical"  school  of  physiology,  and  welcomed  Ludwig  on  his  arrival 
from  Marburg,  as  one  who  had  of  his  own  initiative  undertaken  in  his 
own  university  das  Befreinngswerk  aas  dem  Nitalismns. 

The  determination  to  refer  all  vital  phenomena  to  their  physical  or 
chemical  counterparts  or  analogues,  which,  as  I  have  said,  was  the 
dominant  motive  in  Ladwig's  character,  was  combined  with  another 
quality  of  mind,  which,  if  not  eqnally  influential,  was  even  more  obvi- 
ously displayed  in  his  mode  of  thinking  and  working.     His  first  aim, 
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eveu  beforo  be  sought  for  any  ex[ilaDation  of  a  stnictare  or  of  a  prooesa, 
was  to  possess  Iiimself,  by  all  means  of  obserration  at  his  disposal,  of  a 
complete  objective  coDceptioo  of  all  its  relatiouB.  He  regarded  the 
faeolty  of  ^iTid,  seosaal  realizatioo  (lebendige  sinnliche  AuBchaniuip} 
as  of  special  value  to  tbe  investigator  of  natural  pbenomena,  and  did 
his  best  to  cultivate  it  iu  those  wbo  worked  with  him  iu  the  laboratory. 
In  himself  this  objective  tendency  (if  I  may  be  permftted  tbe  nse  of  a 
word  wbich,  if  uot  correct,  seems  to  express  what  I  mean)  might  be 
legardol  as  »lmost  a  defect,  for  it  made  bim  indisposed  to  appreciate 
any  sort  of  knowledge  which  deals  with  tbe  abstract.  Ue  bad  a  disio- 
cliuation  to  philosophical  speculation  which  almost  amounted  to  av<x- 
sioit,  and,  perhaps  for  a  similar  reason,  avoided  the  nse  of  mathematical 
methotls  even  in  the  discussion  of  scientific  questions  which  admitted 
of  Iteing  treated  mathematically— contrasting  in  this  respect  with  his 
fVieud,  Ita  Bois-Beymond — resembling  Briicke.  Bnt  as  a  teacher  tbe 
(juality  was  of  immense  nse  to  him.  His  power  of  vivid  realizab'on 
was  tlK>  substratom  of  that  many-sidedness  which  made  him,  irrespect- 
ively of  his  Kcieiitilic  attainments,  so  attractive  a  iiersonality. 

I  nut  not  sure  tliat  it  can  be  generally  stated  that  a  keen  scientific 
ikluterver  is  able  to  appreciate  the  artistic  aspects  of  nature.  In  Lad- 
wig's  case,  however,  there  is  reason  to  think  that  aestbetic  faculty  was  as 
<l(>v('lo|te4l  OS  the  i>ower  of  scientific  insight.  He  was  a  skillful  drafts- 
niaii  but  not  a  mnsician;  both  arts  were,  however,  a  source  of  enjoy- 
moiit  to  him.  lie  was  a  regular  frequenter  of  tbe  Gewondbaus  con- 
t'orts,  »nd  it  was  his  greatest  pleasure  to  bring  together  gifted  musicians 
in  bis  hdusc.  where  hf  played  the  part  of  an  intelligent  and  apprecia- 
tive tistoiier.  Of  painting  he  knew  more  than  of  music,  and  was  a 
connoisseur  whoso  opinion  carried  weight.  It  is  related  that  hew^  so 
worried  by  what  he  considered  bad  art,  that  after  the  redecoration  of 
the  Uowiindhnus  concert  room  be  was  for  some  time  deprived  of  his 
aiH'ustonu-d  pleasure  iu  listening  to  music 

l.iidwig's  A(M-ial  cliaracteristics  can  only  be  touched  on  here  in  so  far 
as  they  st-rvo  to  make  intelligible  his  wonderful  iuflnence  as  a  teaeber. 
Many  of  his  pupils  at  Lieipzig  have  referred  to  tbe  schiine  gemeinsam- 
keit  which  chiiracterized  the  life  there.  The  harmonious  relation 
wbit'h,  us  a  rule,  subsisted  between  men  of  different  education  and  dif- 
feri'iit  nntionalities  could  not  have  been  maintained  bad  not  Lodwig 
IHtssessed  side  by  side  with  tbatindej^ibleeamestness  which  he  showed 
In  nil  niatlers  of  work  or  duty  a  certain  yonthfnloess  of  disposition 
whirli  made  it  t>i)saible  for  men  much  younger  than  himself  to  accept 
IiIm  fi'ieiulship.  This  symiHithetic  geniality  was,  however,  not  the  only 
or  even  theehicf  reason  why  Ludwig's  pupils  were  the  better  for  having 
known  liim.  There  were  not  a  few  of  them  who  for  the  first  time  in 
thi'tr  llvert  I'lime  into  i>ersonal  relation  with  a  man  who  was  utterlyfree 
hciin  Molllsb  alms  and  vain  ambitions,  who  was  scrupoloosly  con- 
silient' '  that  bo  said  and  did,  who  was  what  be  seemed  and 
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seemed  -what  be  was,  and  who  had  no  other  aim  than  the  advance 
ment  of  his  science,  and  in  that  advaucemeut  saw  no  other  end  thaQ 
the  increase  of  hainan  happinesa.  These  qualities  displayed  themselves 
in  LfUiLwig'sdailyactiTelifeinthelaboratoiy,  wherehe  wa3  to  be  found 
whenever  work  of  8i>ecial  interest  was  going  on;  bnt  still  more  when, 
as  happened  on  Saaday  mornings,  he  was  "  at  home  "  in  the  library  of 
the  institute — tlie  corner  room  in  which  he  ordinarily  worked.  Many 
of  his  "  scholars"  hare  put  on  record  their  recollections  of  these  occa- 
sions, the  cordiality  of  the  master's  welcome,  the  wide  range  and  varied 
interest  of  his  conversation,  and  the  ready  appreciation  with  which  be 
seized  on  anything  that  was  new  or  original  in  the  suggestions  of  those 
present.  Few  men  live  as  he  did,  "im  Oazuen,  Outen,  Scbonen,"  and 
of  those  still  fewer  know  how  to  communicate  ont  of  their  Aillneas  to 
others. 

ni.   THE  OLD  AMD  THE  NEW  VITALISM. 

Bince  the  middle  of  the  century  the  progress  of  physiology  has  been 
continnons.  Each  year  has  had  its  record,  and  has  brought  with  it 
new  accessions  to  knowledge.  In  one  respect  the  rate  of  progress  was 
more  rapid  at  first  than  it  is  now,  for  in  an  uuexplored  country  discov- 
ery is  relatively  easy.  In  another  sense  it  was  slower,  for  there  are 
□ow  scores  of  investigators  for  every  one  that  could  be  taunted  in 
1840  or  1850.  Uotil  recently  there  has  been  throughout  this  period  no 
tendency  to  revert  to  the  old  methods — no  new  departure — no  diver- 
gence f^om  the  principles  which  Lndwig  did  so  much  to  enforce  and 
exemplify. 

The  wonderfnl  revolution  which  the  appearance'  of  the  Origin  of  Spe- 
cies produced  in  the  other  branch  of  biology  promoted  the  progress  of 
physiology,  by  the  uow  interest  which  it  gave  to  the  study,  not  only  of 
structure  and  development,  but  of  all  other  vital  phenomena.  It  did 
Dot,  however,  in  any  sensible  degree  affect  oar  method  or  alter  the 
direction  in  which  physiologists  had  been  working  for  two  decades.  It^ 
most  obvious  effect  was  to  sever  the  two  subjects  from  each  other.  To 
the  Darwinian  epoch  comparative  anatomy  and  physiology  were  united, 
bnt  as  the  new  ontology  grew  it  became  evident  that  each  had  its  own 
problems  and  its  own  methods  of  dealing  with  them. 

The  old  vitalism  of  tlie  first  half  of  the  century  is  easily  explained- 
It  was  generally  believed  that,  on  tho  whole,  things  went  on  in  the  liv- 
ing body  as  they  do  outside  of  it,  btit  when  a  difficulty  arose  ia  so 
explaining  them  the  physiologist  was  ready  at  once  to  call  in  the  aid  of 
a  "vital  force."  It  must  not,  however,  be  forgotten  that,  as  I  hiive 
already  indicated,  there  were  great  teachers  (such,  for  example,  as 
Sharpey  and  Alien  Thomson  in  England,  Magendie  in  France,  Weber 
in  (iermany)  who  discarded  all  vitalistic  theories,  and  concerned  them- 
aelvea  only  with  the  study  of  the  time  and  place  relations  of  phe- 
nomena; men  who  were  before  their  time  in  insight,  and  were  only 
^dered  iu  their  application  of  chemical  and  physical  priucipl' 
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o  day  hy  <lay  or  hoar  by  hour  disengage,  whether  in  the  form  of  heat 
r  ext«iiial  work. 

In.  tlie  opening  paragraph  of  thi»  Bection  it  was  observed  that  until 
ecently  there  had  been  no  tendency  to  revive  the  vitalistic  notion  of 
wo  {^cenerations  ago.  In  introilucing  the  words  in  italics  I  referred  to 
lie  existence  at  the  present  time  in  G-ermany  of  a  sort  of  reaction, 
vliicU  under  the  term  "Keovitalismus"  has  attracted  some  attention — 
Ay  macli  indeed  that  at  the  Versanimluug  Deutscher  XatnrforBcher  at 
u(il>eck  last  September  it  was  t)ie  subject  of  one  of  the  general  addresses. 
rhe  author  of  this  address.  Professor  Bindfleisch,  was,  I  believe,  tbe 
.nveiitor  of  the  Tord;  but  the  origin  of  the  movement  is  nsaally  traced 
bo  a  ivork  on  physiological  chemistry  which  an  excellent  translation  by 
the  lat«  Dr.  Wooldridge  has  made  familiar  to  English  students.  The 
anthor  of  this  work  owes  it  to  the  language  he  emjiloys  in  the  intro- 
dnctiou  on  "  Mechanism  and  vitalism  "  if  his  position  has  been  ini.snn- 
derstood,  for  in  that  introdaction  he  distinctly  ranges  himself  on  tbe 
vitalistic  side.  As,  however,  bis  vitalism  is  of  such  a  kind  as  not  to 
influeni^e  his  method  of  dealing  with  actual  problems,  it  is  only  in  so 
lar  of  consequence  as  it  may  aU'ect  the  reader.  For  my  own  part  I  feel 
grateful  to  Professor  Bange  for  having  prodaced  an  interesting  and 
readable  book  on  a  dry  subje<^t,  even  thoagh  that  interest  may  be  partly 
dae  to  the  introduction  into  the  discussion  of  a  question  which,  as  be 
pTes«nts  it,  is  more  speculative  than  scientific. 

As  regards  other  physiological  writers  to  whom  vitnlistio  tendencies 
bave  been  attributed,  it  is  to  be  observed  that  none  of  them  has  even 
suggested  that  tbe  doctrine  of  a  "vital  force"  in  its  old  sense  should 
be  revived.    Their  contention  amounts  to  little  more  than  this,  that  in 
certain  recent  instances  improved  methods  of  research  ap]>ear  to  have 
abown  that  processes  at  first  regarded  as  entirely  pliysical  or  chemical 
do  not  conform  so  precisely  as  they  were  expected  to  do  to  chemical  and 
physical  laws.    As  these  instances  are  all  essentially  analogous,  refer- 
ence to  one  will  serve  to  explain  tbe  bearing  of  the  rest.  ^^ 
Those  who  have  any  acquaintance  with  tbe  stmctare  of  the  animal 
bo4ly  will  kuow  that  there  exists  in  the  higher  animals,  in  addition  to 
tbe  system  of  veins  by  which  the  blood  is  brought  back  from  all  parts 
to  the  heart,  another  less  considerable  system  of  branched  tubes,  the 
lymphatics,  by  which,  if  one  may  so  express  it,  tbe  leakage  of  the 
blood  vessels  is  collected.    Now,  withoat  inquiring  into  the  why  of  this 
system,  Lndwig  and  his  pupils  made  and  continued  for  many  years 
elaborate  investigations  which  were  for  long  the  chief  sources  of  our 
Vnowledge,  their  general  result  being  that  the  eflBcieut  canse  of  the 
movement  of  tbe  lymph,  like  that  of  tbe  blood,  was  mechanical.    At 
th«  Berlin  Congress  in  1890  now  observations  by  Professor  Heidenhain, 
of  Breslau,  made  it  appear  that  nnder  certain  conditions  the  process  of 
lymph  formation  does  not  go  on  in  strict  accordance  with  the  physical 
laws  by  which  leakage  through  membranes  is  regulated,  the  expeii- 
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•  ngb  by  the  observation  of  the  saccessive  stages  in  the  outogeDOtic 
-ss  one  may  arrive  at  a  perfect  knowledge  of  the  relation  of  these 
'  's  to  each  other,  this  leaves  the  efflcteat  causes  of  the  development 
plained  (fubrt  nicht  zu   eiaem  Erkeuutniss  ihrer  bowirkendeu 
H^beu).    It  does  not  teach  ns  why  one  form  springB  oat  of  another. 
-^  brings  bim  at  once  face  to  face  with  a  momentous  questioD.     He 
to  encouDter  three  possibilities.    Ue  may  either  join  the  camp  of  the 
logical  agnostics  and  say  with  Dn  BoisBeymond  "ignoramus  et 
"irabimns,"  or  be  content  to  work  on  in  tbe  hope  that  the  physical 
v-A  that  underlie  aud  explain  organic  evolution  maysoooeror  later 
discovered,  or  be  may  seek  for  some  hitlierto  hidden  law  of  organism 
wbicb  tbe  known  facts  of  ontogenesis  are  the  expression,  and  wbich, 
iiccepted  as  a  law  of  nature,  would  explain  everything.    Of  tbe  three 
Lematiyes  Driesch  prefers  the  last,  which  is  equivalent  to  declaring 
luscir  an  oot-and-ont  vitalist.     He  trusts  by  means  of  his  experi- 
.eiital  investigations  of  the  mechanics  of  evolution  to  arrive  at  "  ele- 
mentary conceptions"  on  wbich   by  "mathematical  deduction"'  a 
implete  theory  of  evolution  may  be  founded. 

If  this  anticipation  could  be  realized,  if  we  could  construct  with  the 
A  of  those  new  principia  tbe  ontogeny  of  a  single  living  being,  the  ques- 
lon  whether  such  a  result  was  or  was  not  inconsistent  with  the  uni- 
onnity  of  nature  would  sink  into  insignificance  as  compared  with  the 
[ileudor  of  sucb  a  discovery. 

But  will  such  a  discovery  ever  be  madet  It  seems  to  me  even  more 
uiprobable  than  that  of  a  physical  theory  of  organic  evolution.  It  is 
satisfactory  to  reflect  that  tbe  opinion  we  may  be  led  to  entertain  on 
this  theoretical  question  need  not  affect  our  estimate  of  the  valae  of 
Dr.  Driescb's  fraitfal  experimental  researches. 

'  "ElementaiTonteltnngeD  .  .  .  '  die  zwur  mathemaliHctie  Dediiktion  nller 
EnclieinQngen  bus  sicb  geatatten  miicIitaD.''  Driew^h.  Beitrtige  zur  lUeorotiBcbeu 
Hurphologie.    Biol.  Ceutialblktt,  Vol.  XII,  p.  639,  1H93. 
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THE    PROCESSES    OF   LIFE    REVEALED    BY   THE    MICRO- 
SCOPE: A  PLEA  FOR  PHYSIOLOGICAL  HI8TOLOOY.' 


By  SiMOH  Henbt  Gage,  B.  S., 

Of  Ithaca,  K.   y. 


It  is  cbaracteristic  of  tlie  races  of  meu  tbat  almost  at  the  dawn  of 
reflectioii  the  first  questioD  tliat  presses  for  solation  is  this  one  of  life- 
life  as  manifested  in  men  and  in  the  animals  and  plants  around  them. 
What  and  whence  is  it,  and  whither  does  it  tend !    Then  the  sky  with 
its  stars,  the  earth  with  its  sunshine  and  storm,  liglit  and  darkness, 
stand  out  like  great  mountain  peaks  demanding  explanation.     So  in 
the  life  of  every  human  heing,  repeating  the  history  of  his  race,  us  the 
evolntionists  are  so  fond  of  saying,  the  fundamental  questions  are  first 
to  obtrude  themselves  upon  the  growing  intelligence.    There  is  no 
waiting,  no  delay  for  trifling  with  the  simpler  problems;  the  most 
fundamental  and  most  comprehensive  come  immediately  to  the  fore 
aud  alone  seem  worthy  of  consideration.     But  as  age  advances  most 
men  learn  to  ignore  the  fundamental  questions  and  to  satisfy  them- 
selves with  simpler  aud  more  secondary  matters,  as  if  the  great  reali- 
ties were  all  nnderstood  or  nonexistent.    No  doubt  to  many  a  parent 
engaged  in  the  affairs  of  society,  politics,  finance,  science,  or  art,  the 
questions  that  their  children  pat,  like  drawing  aside  a  thick  curtain, 
bring  into  view  the  fundamental  questions,  the  great  realitiet;  and  we 
know  again  tbat  what  is  absorbing  the  power  and  attention  of  our 
mature  intellect,  what  perhaps  in-pride  we  feel  a  mastery  over,  are 
only  secondary  matters  after  all,  and  to  the  great  questions  of  our  own 
youth,  repeated  with  such  earnestness  by  our  children,  we  must  con- 
fess with  humility  that  we  still  have  no  certain  answers.     It  behooves 
us,  then,  if  the  main  questions  of  philosophy  and  science  can  not  be 
answered  at  once,  to  attempt  a  more  modest  task,  and  by  studying  the 
individual  factors  of  the  problem  to  hope  ultimately  to  put  these 
together  and  thus  gain  some  just  comprehension  of  the  entire  problem. 
This  a4ldre3S  is,  therefore,  to  deal,  not  with  life  itself,  but  with  some 
of  the  processes  or  phenomena  which  accompany  its  manifetitations. 
But  it  is  practically  impossible  to  do  fruitful  work  according  to  the 
Baconian  gnide  of  piling  observation  on  observation,    Tliis  is  very 
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liable  Co  be  a  dead  msKs,  devoid  of  the  lR«Bth  of  life.  It  is  a  weD- 
kjiown  fiict  that  (be  author  of  the  SoToin  Oigaooon,  the  key  which 
Bacon  soppoeed  woold  aerre  as  the  often  sesame  of  all  difficalties  aad 
yield  e«rtala  knowedge:.  this  poCeot  kc?  did  not  onlock  many  of  ttw 
mysteries  of  science  for  its  inventor.  Every  truly  scientific  man  since 
the  world  began  has  recognized  the  necessity  of  accorate  observation, 
and  DO  scientific  principle  has  evo-  yet  been  diacovered  simply  t^ 
speculation:  but  every  one  who  has  naUy  unlocked  any  of  tbe  myste- 
ries of  nature  has  inspired,  made  alive  his  observations  by  tbe  imagi- 
nation ;  he  has.  as  Tyndall  so  weQ  pat  it,  made  a  scientific  use  of  the 
imagination  aod  created  fur  himself  what  is  known  as  the  "working 
hypothesis."  It  mnst  be  confessed  that  for  some  investigators  tbe 
"  hypothesis '  becomes  so  dear  that  if  the  facts  of  nature  do  not  con- 
form to  the  hypothesis. ''  so  mnch  the  worse  for  the  facts."  Bot  for 
the  tmly  scientific  man  the  hypothesis  is  destined  solely  to  enable 
him  to  get  the  facts  of  nature  in  some  definite  order,  an  order  which 
shall  make  apparent  their  cooDection  with  tbe  great  order  and  har- 
mony which  is  believed  to  be  present  in  the  universe. 

If  tbe  working  hypothesis  fails  in  any  essential  particular,  be  is  ready 
to  mo<Ufy  or  discard  it.     For  tbe  truly  inspired  investigator  one 
undoubted  fact  weighs  more  in  the  balauce  than  a  thousand  theories. 
At  the  very  threshold  of  any  working  hypothesis  for  the  biologist, 
this  (jnestioii  as  to  the  uatare  of  the  energy  we  call  life  must  be  consid- 
ered.   The  great  problem  must  receive  some  kind  of  a  hypothetical 
solution.     What  is  its  relation  to  the  energies  of  light,  heat,  electricity, 
chemism,  and  the  other  forms  discussed  by  tbe  physicist?    Are  its  com- 
plex manifestations  due  only  to  these,  or  does  it  have  a  character  and 
individuality  of  its  ownl     If  we  accept  the  ordinarily  received  view  of 
tbe  evolution  of  our  solar  system,  the  original  liery  nebula,  in  which 
heat  reigned  supreme,  slowly  dissipated  part  of  its  heat,  and  Imrled 
into  space  tbe  planets,  themselves  flaming  vapors,  only  the  protons  of 
the  solid    planets.     As  the    heat   became    further  dissipated    there 
cooling  mass  manifestations  of  chemical   attraction, 
first  gases,  then   liquids,  and   finally,  on  the  cooling 
ppeared.     Lastly  uiwn  our  owu  planet,  tbe  earth,  when 
ras  formed  and  the  temperature  had  fallen  below  tbe 
water,  the  seas  were  formed  and  thpn  life  appeared, 
in  the  incandescent  nebula,  the  liquids  and  solids  of 
be  play  upon  them  of  chemism,  of  light,  heat,  electric- 
ision,  aad  the  other  manifestations  so  familiar  to  all! 
there  that  for  a  moment  believes  that  aught  of  matter 
■eated  in  the  different  stages  of  the  evolution  T    They 
ro  manifested  just  as  soon  as  the  conditions  made  it 
'eeina  to  me  that  the  energy  called  life  manifested  itself 
when  the  coudiUons  made  it  possible,  and  it  will  cease 
f  .just  as  soon  as  tbe  conditions  become  sufficiently 
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nnfavorable.    It  was  the  last  of  tlie  forms  of  energy  to  appear  ui)ou 
this  planet  and  it  will  be  tbe  first  to  disappear. 

In  brief,  it  seems  to  me  tbat  the  present  state  of  physical  and  physi- 
ological IcDowIedge  warrauts  tbe  assumptiou,  the  working  hypothesis, 
that  life  is  a  form  of  energy  different  &om  those  considered  in  the 
domain  of  physics  and  chemistry.  This  form  of  energy  is  the  last  to 
appear,  last  because  more  conditions  were  necessary  for  its  manifesta- 
tions. It,  like  the  other  forms  of  energy,  requires  a  material  vehicle 
throqgh  which  to  act,  but  the  results  produced  by  it  are  vastly  more 
complex.  Like  the  other  energies  of  nature,  it  does  not  act  alone.  It 
acts  ivith  the  energies  of  the  physicist,  but  as  the  master;  and  under 
it»  inflnence  the  manifestations  pass  infinitely  beyond  the  point  where 
for  the  ordinary  energies  of  nature  it  is  written  "thus  far  aud  no 
farther." 

It  can  be  stated  withont  fear  of  refutation  that  every  physiological 
investigation  shows  with  accumulating  emphasis  that  the  manifesta- 
tioDS  of  living  matter  are  not  explicable  with  only  the  forces  of  dead 
matter,  and  the  more  profound  the  knowledge  of  the  investigator  the 
more  certain  is  the  testimony  that  the  life  energy  is  not  a  mere  name. 
And,  strange  to  say,  the  physicist  and  the  chemist  are  most  emphatic 
in  declariug  that  life  is  an  energy  outside  tbeir  domain. 

The  statements  of  a  chemist,  a  physicist,  and  a  biologist  are  added. 
From  the  character  and  attainments  of  these  men,  tbeir  testimony,  given 
after  years  of  the  most  earnest  investigation  and  reflection,  h  worthy 
of  consideration: 

When  a  celebrated  chemist  was  asked  if  he  believed  that  a  leaf  or  a 
flower  could  be  formed  or  could  grow  by  chemical  foreen,  he  answered: 

I  would  more  readily  believe  that  a  book  on  chemistry  or  on  botany 
coold  grow  out  of  dead  matter  by  chemical  processes. — Liebig. 

The  influence  of  animal  or  vegetable  life  on  matter  is  infinitely  beyond 
the  range  of  any  scientific  inquiry  hitherto  entered  on.  Its  i>ower  of 
directing  the  motions  of  moving  particles,  in  tbe  demonstrated  daily 
miracle  of  our  human  free  will,  and  in  the  growth  of  generation  after 
generation  of  plants  from  a  single  seed,  are  iiifinitelyditf'erent  from  any 
possible  resnlt  of  the  fortuitous  concourse  of  atoms;  and  the  fortuitous 
coDcourse  of  atoms  is  the  sole  foundation  in  philosophy  on  which  can 
be  founded  the  doctrine  that  it  is  impossible  to  derive  mechanical  effect 
from  heat  otherwise  than  by  taking  heat  from  a  body  at  a  higher  tem- 
perature, converting  at  most  a  definite  proportion  of  it  into  mechanical 
effect,  and  giving  out  the  whole  residue  to  matter  at  a  lower  tempera- 
ture.— air  William  Thomson  (Lord  Kelvin), 

The  anagenetic  [vital]  energy  tran^sforms  the  face  of  nature  by  it« 
power  of  assimilating  and  recompoanding  inorganic  matter,  and  Ijy  its 
capacity  for  multiplying  its  individaals.  In  spite  of  the  mecbauical 
deHtructibility  of  ita  physical  basis  (protoplasm)  and  the  ease  with 
which  its  mechanisms  are  destroyed,  it  successfully  resists,  controls, 
and  remwlels  the  catagenetic  [physical  and  chemical]  energies  for  its 
purpose. — Cope. 
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/f«i/f  M>- fi'*!)  Ilvliiij  niilotiiiif-i;;  the  lifelew  has  bw  ninknJ  afiyc  If 
M"  '■/'■  f'lU'iwn  l.\n<  H)H-''k  of  living  Bati«r  tbe  111  ii  m  i  1  do  mot  ttaet. 
fiiu  I  H  lui"  I'liiim  III  11  (»!f  rsiiii  size,  asif  by  an  ianstUr  smti«.  it  ood- 
•■l(f'f"  ll<->lr  )if  IIm<  riiI'MlK  Hiid  finally  CDi«  itself  iatTDL  TWori^iul 
,1111-1  l.ii  |a  i„j  uiiif,  In  Km  itlfw-K  there  are  two.  Tbss  ocarlj  at  tbe  bot- 
hiw  lit  llii,'i,ihiir  Jlli-  iiriwiiiitifr<r'Hte4l  allof  tbefnitdamental  fntnres— 
He  il-hiti  KiitioUiiii  n  iiKiVf'K  ftMttlf,  takea  Donriahmefit.  digests  it  aiid 
lifiiil'i-  liiiiitlMiiiu  liil'i  llvliiif  Htil»Nt3n(«andiiicreaee«in  size;  it  aeons 
hi  li-i  i  ,ii,il  ill  iiviUt  Ml"  illHiit;i'"«able  and  choose  the  agreeable,  aad 
Uii-itli  II  iii-iliiiiiit  l-\ii>  mlnuUi  (irraproducia^itskiDdfOf  giving  out  itfi 
|j|>  •iiui  m)i,nUini'f  III  I'oiiii  ollinrlKiliiRN,  Its  offspring. 

ll  III  1)1"  III  ll'if  (if  iiiiiiiy  lil()lu((litt,H  tliiit  the  larger  and  complex  forms, 
I  >'  II  II  ji  III  iiiiiii  liiiiiaKll',  itiiiy  liiwtdiiHJdored  an  aggregation  of  stniclonl 
I  liitiMil'i  iiHiiliiiill)'  iiiiii'o  III'  h'NH  llkn  the  amceba  just  described;  but 
hh  Iriii)  iif  Kiti^li  iiiMiiili<>i'  iif  Mil)  colmiy,  each  individnal  itself  canyinp 
nil  nil  lliH  |ii.nr»ti«a  iil'  Itlii  ln(I»'jH«iiI«iiMy,  as  with  the  amo-bn,  there  is 
n  ilin-liiii  III  liiliiH,  Mhiiki  iMovr,  miino  digest,  some  feel,  think,  and 
I  liii.Mi ,  n.111111  ghii  iUi>  Id  iinw  ImlncK,  nil  change  lifelesB  mattw  iuto 
Ho  II  iiiUiJiviiiM  HiilixlKh [H,H\  riiitn  XI,} 

!•"  1  itiid  (itii'iniiii««im  by  wlili-h  a  new  individual  is  produced 
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Processes  of  Life  Revealed  er  the  Microscope. 


o  rltibt,  aawith  wonls  in 


Pia.  I.  The  amiieba  in  ks  vaiiouH  phases  of  BctivH}--.Incomi 
tioD.  and  KiproducIioD.  The  nmiree  hIiuiiIcI  Iw  ivad  [rom  le 
book,  p.  Pneudopod :  e,  crygial  of  BubMiince  dlataWsful  Ui 
withdraws  rram  it:  /,  rood  iogcsted  and  digested  by  the  aniipba  (or  Its  nourwliment.  The 
Incll^estible  matler  lui  Is  extruded  Irom  thi^  body  and  left  behind,  n.  Nucleus.  This  is  seen 
to  divide  flm  In  reproducUon,  cbra  the  dirislon  of  the  cell  hody  Is  completed,  thus  jclvlng  visa 
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^11  oi'ganisiDB,  great  or  small,  are  but  developiueuts  of  miuute  germs 
badde<l  oft*  by  the  parent  or  parents,  aud  the  way  iu  which  these  minate 
bejcinniDgs  develop  into  perfect  forms  like  their  parents  can  only  be 
foUovred  by  4be  aid  of  a  microscope.  Indeed,  in  no  fleM  of  biology 
baa  the  microscope  done  such  signal  service  iu  revealing  the  processes 
of  life. 

The  method  of  the  production  of  a  new  being  with  the  amceba,  as  we 
have  just  seen,  is  for  the  parent  to  give  itself  entire  to  its  odspriug — 
the  parent  ceasing  to  be  in  producing  its  offspring.  With  some  other 
lowly  formn  a  part  of  the  body  of  the  parent  buds  out,  grows,  and 
finally  GalU  off  as  an  independent  organism  or  remaiiict  connected  with 
the  parent  to  form  a  colony.  In  the  vegetable  world  a  familiar  exam- 
ple of  a  colony  is  represented  by  the  plant  that  the  children  call  "old 
heu  and  chickeus." 

Iu  tbe  higher  animals,  however,  where  si>ecializatioii  is  carried  to  its 
extreme  limit,  some  myriads  of  cells  forming  the  body  are  set  apart  to 
produce  motion,  others  digest  food,  stilt  others  think  and  feci,  while 
comparatively  few,  the  germ  cells,  are  destined  for  the  contiiiuatiou  of 
the  ra<:e.  In  the  higher  and  highest  forms  es]>e4:ially,  uil  observation 
goes  to  show  that  the  life  energy,  not  satislleil  with  the  mere  vitaliza- 
tiou  of  matter  and  a  dead  level  of  excellence,  is  aiming  at  periietnal 
ascent,  greater  mastery  over  matter  and  its  physical  forces.  For  the 
more  certain  attainment  of  this  end,  tbe  production  of  oH'spring  is  no 
longer  possible  for  one  individnul;  two  wholly  separate  individuals 
must  join,  each  contributing  its  sliare  of  the  living  matter  which  is  to 
develop  into  a  new  being.  In  this  way  the  accumulated  acqiiiiements 
of  two  are  united  with  the  coiiset[uent  increase  iu  tbe  tendencies  and 
impulses  for  modiflcatiou  and  nearly  double  the  protection  for  tbe  oft- 
spring.  Thus,  in  striking  contrast  to  tbe  amieba,  where  the  single 
pareut  gives  all  of  itself  to  form  offspring  and  in  so  doing  disapiiears 
aud  loses  its  identity,  in  the  higher  forms,  while  two  must  unite  to  form 
the  oll'spring,  the  parents  remain  and  retain  their  individuality  and  the 
ability  to  produce  still  other  offspring.  Tbe  process  by  which  this  is 
accomplished  may  be  traced  step  by  step  with  the  microscope.  A  germ 
cell  of  tbe  father  and  one  of  the  mother  fuse  together,  and  from  tliiH 
new  prucreative  cell  formed  by  the  fusion  uf  two,  with  all  their  [lossi- 
bilities  combined,  tbe  new  individual  arises.  This  certain  knowledge 
is  the  result  of  the  profound  investigation  of  the  last  few  years,  and 
shows  tbe  literalness  of  the  scriptural  statement,  "they  shall  be  one 
flesh."    (See  Plate  XII.) 

After  this  fusion  of  the  father  and  mother  germ  cells  the  single  cell 
tfaoB  formed,  like  the  amotba,  divides  into  two,  and  these  into  four  and 
soon,  but  nnlike  tbe  anueba.nll  the  cells  remain  together.  Within  this 
cellular  mass,  as  if  by  an  unseen  builder,  the  cells  are  deftly  arranged 
in  their  place,  some  to  form  brain,  some  heart,  some  the  digestive  tract, 
others  for  movement;  so  that  finally  fnmi  the  simple  mass  of  cells, 
originally  so  alike,  arises  the  complex  organism,  fish  tr  bird,  beast  or 
SU  9Q 25 
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Processes  of:  yp^  Revealed  bv  t^ 

Fio.  S.  Varioua  ptuum  In  tbe  reproduction  of  one  ol  the  fali;ber  animolR.  In  Ibe  upper 
Hnies  Is  shown  the  (luloa  o[  tbe  fuher  aai)  moUier  Kerm  oelln;  In  Ih?  middli?  Kerien  appear 
some  of  the  earlier  phases  ot  segnientntlon  of  the  ferliliied  ovuni.  Tba  luwer  Ogam  (modi- 
Ded  from  Marshall)reprMenisaniedl8ectlonof  qu  amphibian  embryo  miffldptitl)- far  adTSniisJ 
to  show  that  the  oHglpal  qvUk  into  which  the  ovum  divided  have  differentiated  and  arranged 

O.Ovum:  n.  nucleus  of  the  ovum,  f  Thlx  hIrh  Indluatat  that  the  uvuui  la  a  mother  or 
remaie  fcerm  oell.  Z,  Zoospenn.  ^  SifC°  iiadJcatlU)^  that  the  ZfjOHperm  Is  a  father  ur  iiiuli! 
gvrm  cell.  /  pn.  Female  pronucleus;  ni  j.ii.  male  pionucleus.  These  two  pronuclei  fuiie  and 
form  the  nucleua  of  the  true  reproduotire  cell,  the  rertillzed  ovum.  In  the  two  flgunw  al  tb>' 
rlf^ht  both  sljrns  ^7  tfl  w  used  (o  indicate  that  both  germ  cells  an<  represented  In  each  figure. 

F  O.  FertUiied  ovum.  That  Islbetnie  reproductive  cell,  compiwd  of  afatberor  maleand 
a  mother  or  female  iterm  cell  fuseil.    The  nlepH  of  tbe  fiminn  are  shown  in  the  upper  xrrieti. 


BlaBtulssta« 
together. 


1  e  >.  Kour-cell  naga.    bl 
nauj-  cells,  all  mnalninti 

'  -.he  organs  has  prwswletl  verj-  tar.  and  the  cells  have  beauii  tt 
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actioD,  aii<l  again  the  granules  begin  to  apiiear  and  increase  iu  number 
until  finally  the  cells  become  so  full  that  they  are  fiilly  charged  and 
again  ready  to  ponr  forth  the  digestive  flnid.  This  is  a  daily,  almost 
au  honrly  process.     (See  Plate  XIII.} 

Let  us  take  another  example  iu  which  it  would  almost  appear  that 
tliere  is  organic  memory  on  the  i»»rt  of  the  gland  cells.  No  doubt  all 
have  seen  the  clear  Jellylike  masses  surrounding  the  eggK  of  frogs  and 
salamanders.  Whence  comes  this  jelly  that  is  ho  resistant  to  the  agents 
that  work  so  quickly  the  destruction  of  ordinary  organic  mattert  As 
spring  advances  the  cells  of  the  oviduct  increase  enormously  in  size. 
The  microBCOi>e  shows  this  increase  to  he  due  to  a  multitade  of  clear 
granules.  As  the  eggs  move  along,  the  ova  are  coated  with  the  jelly 
forme<l  from  the  grannies  given  out  by  the  cells.  As  this  material  for 
the  jelly  is  poured  out  the  cells  gradually  shrink  to  their  original  size, 
and  then  wait  another  twelve  months  before  doing  their  destioetl 
work. 

If  one  i-Au  thus  catch  a  glimpse  of  stmieof  the  finer  processes  taking 
place  in  gland  a<'tion,  how  is  it  with  nervoas  action,  the  highest  function 
of  which  living  matter  is  cspableT  While  it  has  been  known  for  a 
long  time  that  the  nervous  system  Is  the  organ  of  thought  and  feeling 
and  the  direi^tor  and  coordinator  of  the  motions  of  the  body,  and  many 
speculations  had  been  made  concerning  the  processes  through  which 
the  nervous  tissue  passes  in  performing  its  functions,  it  was  left  to  an 
American  stndent,  I>r.  Hodge,  to  first  successfully  show  that  there 
were  visible  changes  through  which  the  nervous  system  passes  in  its 
work.  The  qnestiou  is,  can  the  activity  of  the  nervous  system  be  traced 
as  surely  by  changes  occurring  in  the  living  matter  forming  its  basis, 
as  the  action  of  a  gland  can  be  seen  by  the  study  of  the  gland  cells! 

The  demonstration  is  simple  now  that  the  methml  has  been  shown. 
No  doubt  everyone  has  had  the  experience  of  failing  to  i)erform  some 
difficult  muscular  action  at  one  time  and  then  at  another  of  doing  it 
with  ease,  or  of  finding  true  the  reverse  of  the  adage,  "practice  makes 
perfect."  For  example,  in  a  trial  of  skill,  as  in  learning  to  ride  a 
bicycle,  all  the  cotnpUcated  action  may  be  performed  with  considerable 
ease  and  certaiuty  at  the  beginning  of  a  lesson,  when  one  is  fresh,  but 
as  the  practice  continues  the  results  become  progressively  less  and  leas 
successful,  and  finally  with  increasing  weariness  there  is  only  failure, 
and  one  must  rest.  We  say  the  muscles  are  tired.  This  is  true  in  part, 
but  of  much  greater  importance  is  the  fatigue  of  the  nervous  system, 
as  this  furnishes  the  impulses  for  the  action  and  coordination  of  the 
muscles.  Now,  as  muscular  action  can  be  seen  and  the  amount  can  be 
carefully  controlled,  here  was  an  exact  indicator  of  the  time  and 
amount  of  the  nervous  activity.  Furthermore,  as  animals  have  two 
Hunilar  sides,  one  arm  or  leg  may  work  and  the  other  remain  at  rest, 
and  consequently  corresponding  sides  of  the  nervous  system  may  be 
active  and  at  rest.  By  means  of  electrical  irritation  one  arm  of  a  cat 
or  other  animal  was  caused  to  move  vigoiously  for  a  considerable  tim- 


II     ■■  Hi  ,■    III  I  ,.».  i,t  Aifit'iit)  iaX.rw^     A*MB  jvwMfni  lO*.  Oea. 

''      I  '  I  ••    "iif  ^11    n,  lo  •fiiAk,fh»3-^**i:  llwy  ^nr  faH  ^m^  ■vadj'  far 

tl'K  !■■  iii'i  iii'iit,  •■h  tiiii  Ihi'ifTiUUtit  luvtiinifatMm.  UimAtmorm- 
1 1 -11  -iti'  I  -hi  \i  Hiii\  n  ni,  iMilrrinl"  iKiil  m*^  atv  fiill<rf  vigar.aad  ■■  tb« 
f  '  i-ii„  .III  I  .,n  iMi'l  f'tliiti(«ti'<l,  ti'xr  like  M  it  to  tbe  begiiiiuBg  and 
i '"'  I'l  III'  '  III  kiiiiiU  i»t  iiv<'rll(mlii(c  with  vifcor  that  to  Bov«.toact, 
''  !•!'  I  nil  ■iini  niiiHuni-ii  nil  ii  |iitlii;  tint  in  (beeTenhigof  Kfeanrai 
'  •  <i''  I  mrl  M  jiH  I  'Ml-  hImiI  wo  (ly  1^)  J'ltriiJHli  thtise  whoae  work  is  done. 
I''   '  I    llil    I  <iMi  I'IImI  til  Mid  I'l'llaof  l:linnArv4iiiH  systemirithttieststes 

•■If    I  >iii>l  l>ill„ii>  I     Willi  II  ttttll  II MwA  cliild  which  died  from  one 

>'l  III!  II'  I  IiIj  iH.'  Ill  liiilti  IIm>  iHMvn  I'oltn  Rhiiwed  all  the  characta«  of 
I '  II"  III  III  •Hill  lull)  I  lull  |i  I'll,  I  nil  miihdyinK  naturally  of  old  aee  the 
'  I II '  I'll! I'll  il  Mm  »IiuhiI>i>ii  itMi'liiJ  itiitl  III!  llioiipiMtarancesof  exhaastinif 
I'iMkIii  liillii  Mill  »>i>Uii<|iiiti>iilitilll,vnl'iiliroofTigon>n8action;  tbe 
I'Hii  I  -liMn  1 1|  il<i.  iiii.il  1)1 1 1  (Mill  lli(>  «liirt>  111'  life  energy  had  beendisai- 
ixihil    mill  tlixi'  ii^l.' liiUt»ii«>>i\  ixmmltK 

I  "I  ihi  iiiiiiiiitU  Ui-M  |iii'"i'n»  iiti  tiniliiiihltMl  ncrvons  system  probably 
,,||  B.aiUJ...i„iil  Hum  Uniit>  \-  wnm*  mm  t»l' m«r\-«ii»  notion oorraBpouUing 
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Fio.  S.  Sections  of  a  rIbdi)  In  varliiiin  pbnivH  nt  aclivlty.  The  upper  Brrfea  Ivpreneutfi  tt 
the  UingiiKictioiui  I.  In  the  rlght-hanil  nziirr.  rpprcMnlH  th?  carUy  or  lumen  ot  the  gluid  Inl 

In  thp  lower  rtebl-htuicl  Agurv  I  n^ma-aiHthe  luiiien.  n  tlie  nucleux  i>r  uniMir  the  rrlla.  an 
cl  b  the  c¥ll  body  of  On-  nami^  wH,  The  ^(mlH  ChanwI.  PiHcharglnK.  nnil  Plachareeil  ile>l| 
nate  Hie  variolic  ptuweH  or  thr  Kland  ai'Ilvtiy.    The  procvas  of  hemming  recbartc")  I"  "' 
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Rest  Fatigue 

Phocesses  of  Life  Revealed  by  the  Microscope. 


Fid.  4.  FIxureH  rntm  IIkIkc  iJour.  Mori>>i< 
cells  of  the  uplDBl  icanKlla  In  the  cat  an<l  or  1 
FeHj(Ur  IniUcate  the  ft|ipearsinv  uf  thr  Cflla 
body,  and  c  i  clear  b|Hce  nround  the  Hhi-unke 


Dcillizedoy  Google 


Dcillizedoy  Google 


PROCESSES  OF  LIFE  REVEALED  BY  THE  HICR08C0PE.      389 

to  sensation;  bat  what  of  liying  matter  in  the  hnmbler  forms  where  no 
nervons  system  can  be  foondf  Tliat  these  have  vital  motion,  tbat  they 
breathe,  Donrisb  themselves,  grow,  and  produce  offspring,  none  can  deny. 
I>o  they  have  anything  comparable  vith  sensation  T  As  most  of  the 
lo^rest  forms  are  minnte,  the  microscope  comes  to  onr  aid  again,  and  in 
watching  these  lowliest  living  beings  it  is  fonnd  tliat  they  discriminate 
and  choose,  going  freely  into  some  portions  of  their  liquid  world  and 
withdrawing  from  other  portions.  If  some  drug  which  Ih  mmsualorwe 
mnst  believe  disagreeable  is  added  to  a  part  of  ttie  water,  they  withdraw 
from  that  part.  It  seems  to  have  the  same  effect  as  disagreeable  odors 
on  men  and  animals.  On  the  other  hand,  there  are  enbstances  which 
attract,  and  into  the  water  ooDtainiug  these  they  enter  with  eiigemess. 
Strange  ia  it,  too,  that,  as  proved  by  experiment,  if  an  unattractive  sub- 
stance is  nsed  and  also  one  on  the  other  side  that  has  been  found  still 
more  nnattractive,  the  less  disagreeable  is  selected ;  the  less  of  the  two 
evils  is  chosen. 

As  man,  the  horse,  dog,  and  many  other  animals  adapt  themselves 
gradaally  to  temperatures  either  very  cold  or  very  warm,  and  that,  too, 
by  a  change  in  their  heat-regulating  |>ower  rather  than  by  a  change  of 
hairy  or  other  clothing,  so  these  lowly  organisms  are  fonnd  in  nature 
in  water  at  temperatures  front  near  freezing  up  to  60°  or  80°  C,  a  point 
approaching  that  of  boiling  water.  It  may  be  answered  that  each  was 
created  fur  its  place,  but  by  means  of  a  microscope  and  a  delicate 
thermostat,  to  be  certain  of  every  step  and  to  see  all  the  reBnlts,  Dr. 
Dalliuger,  through  a  period  of  seven  years,  accustomed  the  same  uni- 
cellular organism  and  its  progeny  to  variations  of  temperature  from 
15°  to  20°  O.,  i.  e.,  aboat  the  temperature  of  a  comfortable  sitting  room, 
np  to  70°  0.  For  those  at  the  cooler  temperature  it  was  death  to 
increase  rapidly  the  heat  10°,  and  for  those  at  the  higher  temperature 
it  was  equally  fatal  to  lower  it  to  the  original  temperature  of  15°  to  20°. 
These  examples  seem  to  show  that  it  is  one  of  the  fundamental  charac- 
taristicB  of  living  substance,  whether  in  complex  or  simple  forms,  to 
adapt  itself  to  its  eovironment. 

There  is  another  fact  in  uatare  that  the  microscope  has  revealed  and 
that  fills  the  contemplative  mind  with  wonder  and  an  aspiration  to  see 
a  little  farther  into  the  living  substance,  and  so  perchance  discover  the 
hidden  springs  of  action.  This  fact  may  t>e  called  cellular  altrnism.  In 
human  society  the  philanthropist  and  soldier  are  ready  at  any  time  to 
sacrifice  themselves  for  the  race  or  the  nation.  With  the  animals  the 
guards  of  the  flock  or  herd  are  equally  ready  to  die  in  its  defense. 

So  within  each  of  the  higher  organisms  the  microscope  has  shown  a 
gnarding-host,  the  leucocytes  or  white-blood  corpuscles.  The  brilliant 
discoveries  in  the  processes  of  life  with  higher  forms  have  shown  that 
not  only  is  there  a  struggle  for  existence  with  dead  nature  and  against 
forms  as  large  or  larger  than  themselves,  but  each  organism  is  liable  to 
be  undermined  by  living  forms,  animal  and  vegetable,  iufiuitely  sm^er 
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than  tbemselTes,  insignificant  and  insidnoiu,  bnt  deadly.  Nov,  to 
guard  the  body  against  these  living  particles  and  the  particles  of  dntt 
that  vonld  tend  to  doe  the  system,  then  is  a  vast  army  of  amceba-like 
ceils,  the  leQcocyt«s,  that  go  vberever  the  body  is  attacked  and  do 
battle.  If  the  gnards sncceed.  the oigsoism  liveR  and  flooriebes:  oth^- 
wise  it  dies  or  becomes  weakened  and  hampered.  This  much  was  com- 
mon scientific  property  three  years  ago,  when  one  of  onr  members  ( Mi* 
Kdith  .1.  Claypole)  came  to  my  laboratory  for  advanced  work.  I  drs- 
cHBsed  with  her  what  has  just  been  given  and  told  her  that  there  still 
remained  to  be  solved  the  problem,  What  becomes  of  theclog^ngor 
deleterious  material  which  the  leucocytes  have  taken  apt  These  body- 
giiftfiU  are,  after  all,  a  part  of  the  organism,  and  for  them  simply  to 
Pii([nlf  the  material  would  not'rid  the  body  entirely  of  it,  and  finally  an 
tnevitiible  clogging  of  the  system  would  result.  The  problem  is  simple 
iind  dellnite;  what  become  of  the  deleterious  substances,  bacteris  and 
dust  |iitrti('les,  that  get  into  the  body  and  become  engulfed  by  the  leaoo- 
ovli>(iT  Fortunately  for  the  solution  of  this  problem,  in  our  beantiini 
t'Vtutnt  IiAke  there  is  an  animal,  the  Nectwrut,  with  external  gills 
ttitixiKti  which  the  blood  circulates  for  its  purification.  So  thin  Mid 
tmii»|Hin>iit  is  the  («vering  tissue  in  these  giUsthatonecansee  intotlie 
t'ltstxl  nln'urn  almost  as  easily  as  if  it  were  uncovered.  Every  aiA\A 
tiin-lltnt'iit  of  the  bltKKi,  whether  red  corpuscle,  white  corpuscle, 
Hitfiiilvo.  or  particle  of  dust,  can  be  seen  almost  as  clearly  aa  if  moouted 
I'll  It  tiilcroseopic  slide.    (See  Plate  XV.) 

tiiln  ili»  veins  of  this  auimal  was  injected  some  lampblack,  mixed 

»  Mil  n  nhT,  »  little  gum  arabic  and  ordinary  salt,  an  entirely  nonpoi- 

di'iiiiiin  itiixlure.    Thonsaiide  of  particles  of  carbon  were  thus  intro- 

\\\\\\'\\  Itit^)  tlio  blood  and  could  be  seeu  circulating  with  it  through  the 

i>>iii>i|iin'i'iit  gilli*.    True  to  their  duty,  the  white  corpuscles  in  a  day  or 

^lui  I'liuiitfi'd  the  carbon  particles,  but  for  several  days  more  tbeleuco- 

<  ili'4  I'liiilil  be  noeit  circulating  with  the  blood  stream  and  carrying 

lliMi  liiiiil  III' voiil  with  tliem.     Gradually  the  carbon-laden  corpuscles 

<li  'itifi'tiii'il  Hiid  only  tli4-  ordinary  carbon  fi-ee  ones  remained.     Where 

)•  mI  lliix'iii'liiin  lioitii  leftt    fiiul  it  been  simply  deposited  somewhere  iu 

H<'     ■fili'iiif    Tim  tiiHiies  were  fixed  and  serial  sections  made.    The 

II  tiiii  1 1  )iiiiitii>i(t  wiiH  hb'iu'lied  with  hydrogen  dioxid,so  that  if  anycar- 

I.  II  It. i.i  |iii>ni>nlil' would  show  unmistakably.     Witlt  the  exception  of 

ijieiired  in  the  tissues,  but  iu  many  places  the 

were  fonnd.     In  inncous  cavities  and  on  mucoas 

rfaee  of  the  skin  were  many  of  them;  in  the 

luiy  niiin'  apparently  on  their  way  to  the  sar- 

it.  is,  the  carbim  is  actually  carried  out  of  the 

iirfiices  of  the  skin  and  mucous  membranes, 

lliii  ImhI.v,  it  could  no  more  interfere  in  any  way 

it«  ftilmif  the  leucocytes  that  carry  thelamp- 

Tliey  carry  their  load  out  and  free  the  body, 
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Fig.  5,  Thew  (teinvg  represent  rar 
blood  of  A'Ff funii. 

Oill  flUunetit  or  JVnrlu run.— Part  of  a  HlnK]<-  e<JI  nianicnt  (trvatly  miwniflril  to  Hbow  ibe  lilood 
Temelx  containing  ibe  re<l-l]luoil  corpw-clefi  \t  br)  an<l  the  leucueytex  I'l  or  nbtte-bluod  lur 
puwlKS     The  black  (lotH  i<-i  H'itliiD  Ihe  Ijliioit  \'wi<w1h  reDrvsent  i:Brburi  \  iu1ii.-lvH  wiilch  hod 

anj  aim)  Keveral  Bbown  tmt  in  tbe  blood  ptasma.    g  t.  TbutlHaiit-  of  Ibe  gill  filBiiietit  livlwt^n 
tliA  bkkod  veHaelHr 

Leucocjtwiemtgratlnji.— tliin,  the  lower  flKure.  representu  n  neollon  of  ibt  skin  with  ilscov- 
i-ring,  eplthcUum  lep^  anil  lb*  eoriuai  leiir)  i>t  IniCJililn.  The  leufocjleti  uontalnInK  carbon 
parllcLi^  ic\  are  Keen  in  the  coiitim  anil  p<-nelraIlD|7  Ibe  ej>ilbebuni  anil  Anally  free  outside  the 
eplttieltum.  The  bitowb  Indicate  Ibat  the  leuLMcytes  emljcrale  from  the  body  tbrouffh  Ibe 
ooctum  and  the  t^iiitheUum,  and  floally  into  the  Kpace  outside  Ihe  epiihelinm. 
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bnt  tbey  themselves  perish.  They  sacrifice  themselvee  for  the  rest  of 
tbe  body  as  sorely  ss  ever  did  soldier  or  philanthropist  for  the'  better- 
ment or  the  preservation  of  the  state. 

Tbus  I  have  tried  to  sketch  in  briefest  outline  some  of  the  phe- 
nomena or  processes  of  life  revealed  by  the  micro8coi>e.  Most  of  those 
dlscassed  have  come  under  my  own  iiersonal  observation,  and  are  there- 
fore to  me  particularly  real  and  instructive;  but  to  every  one  long 
familiar  with  the  microscope  and  with  the  literature  of  biology  many 
otber  examples  will  occur,  some  of  tliem  even  more  striking.  The  dis- 
cnssion  has  been  confined  to  the  ubove  alno  because  it  seems  to  me  to 
show  with  great  clearness  the  way  in  which  we  can  justifiably  hope  to 
do  fruitfiil  work  in  the  future.  This  sure  way,  it  seems  to  me,  is  the 
study  of  structure  and  function  together;  the  function  or  activity  serv- 
ing ns  a  clue  aud  stimulus  to  the  investigator  for  finding  the  mechanism 
tbroQgh  which  functiou  is  manifested,  and  thus  give  due  significance  to 
Btrnctnral  details,  which,  without  the  hint  from  tbe  function,  might 
pass  unnoticed. 

This  kind  of  microscopical  study  may  be  well  designated  as  physiolog- 
ical lii»toIogy.  Itisinsharpcontrastwitli  ordinary  histology,  in  which 
too  often  the  investigator  knows  nothing  of  the  age,  state  of  digestion 
or  of  fasting,  nervous  activity,  rest,  or  exhaustion.  Indeeil,  in  many 
cases  it  is  a  source  of  congratulation  if  he  knows  even  tbe  name  of  the 
animal  from  which  the  tissue  is  derived.  8ucb  haphazard  observatioa 
has  not  in  the  past  and  is  not  likely  iu  tbe  future  to  lead  to  splendid 
results.  If  structure,  as  I  moat  firmly  believe,  is  the  material  expres- 
sion of  function,  and  the  sole  pui'i)o'se  of  the  structure  is  to  form  the 
vehicle  of  some  physiological  action,  then  the  structure  can  be  truly 
understood  only  when  studied  in  action  or  fixed  and  studied  in  the 
various  phases  of  action. 

Indeed,  if  one  looks  only  for  form  or  morphology  in  the  study  of  his- 
tology the  very  pith  aud  marrow  is  more'  than  likely  to  be  lost.' 

For  example,  if  one  wished  to  study  the  comparative  histology  of  tbe 
pancreas,  and  were  to  take  pieces  from  various  animals  to  be  compared 
without  regard  to  ttieir  condition  of  fasting  or  digestion,  he  might  find 
the  coarser  anatomical  peculiarities  in  each.  In  all  probability  lie 
would  also  find  two  dictinct  structural  types.    One  type  with  cleaily- 

'AUhongh  iu  a  Aia'eieat  lielil,  thewonU  of  Osbom  in  iliscnssing  tbeunknuwu  fac- 
totaof  evolatiou  uresi)  pertinent  that  tiu-y  may  well  bo  qiinteil:  "My  lost  word  is, 
that  we  nru  eiiteriii!;  tbe  tlirenholil  o(  tbe  uvolntiou  prolilroi,  iDstcod  of  standiug 
within  tbo  portals.  Tlje  bKnlrst  tank  lii'S  before  uh,  not  behind  us.  We  are  far 
I)»>u  finally  (eating  or  diatniBsiDK  tliese  old  fnctoro  [of  evolution],  bnt  tbo  reuotion 
from  •peculation  upon  tbem  is  in  iiself  a  ailent  nduiissioD  tbat  we  must  reach  out 
tor  Home  unknown  quantity.  If  sue  li  does  axist  tbero  is  little  bope  tbat  we  shall 
discover  it  eicept  by  the  most  Ubiirioua  reBeurcb ;  und  wLile  we  may  prediit  tbat 
conr'liiBive  evjilencit  of  its  exiHienen  will  bo  found  in  morphology,  it  is  safe  to  add 
that  tbe  fortiinatn  disioverer  will  lie  a  physiologist"  [armed  with  a  microHcope]. 
I  wuQld  Uke  to  add  the  lost  four  words.     A.  H.  Q,    Am.  Nat.,  May,  1965. 
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defined  c«lU  and  naclei.  tbe  othtr  with  Oie  cells  clonded,  filled  vitk 
granolt«  aod  vitb  Ihe  oatlines  of  eeDs  and  tbeir  naclei  almost  iodu- 
cernible.  Between  these  tbere  miicbt  be  Tarloaa  gradatious  in  tlje  dif- 
ferent forniH.  And  yet.  from  irbat  has  been  Btated  above,  it  is  plain 
tbat  all  tliese  different  straetnral  appearances  represent  phases  oi 
artivity,  and  all  migbt  have  come  from  the  self-same  aDimal.  In  like 
manner,  if  certain  parts  of  tbe  nervous  system  were  to  be  studied  com- 
paratively, and  tbe  tissne  taken  from  one  animal  after  refresbing  sle^ 
and  reat,  from  anotber  after  exbansting  labor,  anotber  iu  infancy,  and 
anotber  from  an  animal  decrepit  witb  years,  tbe  difference  in  geaenl 
appearance  and  in  stractaral  details  woald  be  striking  enough  to 
satisfy  any  morpliolngiHt  tbat,  as  with  the  stmctnre  of  tbe  paucreatic 
cells,  there  were  two  or  more  distinct  types^  bnt  the  physiological  hia- 
tolo(n>^t  woiitd  recognize  at  once  tbat  the  differences  so  mnch  insisted 
upon  representwl  different  phases  of  activity,  and,  as  with  the  pan- 
creatic cells,  might  be  all  rejiresented  in  the  same  animal  at  different 
times. 

I  would  be  far  from  saying  tbat  there  are  no  stnictaral  differeDces 
in  tbfc  different  animals  in<lei)endent  of  any  particnlar  phase  of  func- 
tional activity;  but  if  these  only  are  sought  and  the  others  neglected 
the  physiological  appearances  will  often  obtrude  and  confnse,  if  tbey 
do  not  utterly  confouiul. 

1  have,  therefore,  for  the  last  ten  years  urged  my  students,  and  mean 
to  CO  on  advwating  with  all  tbe  earnestness  of  which  1  am  capable, 
tliiit  in  studying  iin  organimn  or  its  tissues,  the  investigator,  to  gain 
certain  knowledge,  must  know  all  tbat  it  is  possible  to  learn  concerning 
the  age,  health,  state  of  nervous,  muscular,  and  digestive  activity;  in 
twt,  all  that  it  is  iiossibic  to  find  out  about  the  processes  of  life  tbat 
lire  going  <•"  i""'  bave  gone  on  when  the  study  is  made. 

There  are  sonic  microscopic  forms  in  which  the  entire  study  cao  be 
nuMlc  while  the  creature  is  iriive.  With  the  iiigber  organisms,  also, 
KiiMie  of  tbe  living  elements,  as  the  wbite-blood  corpuscles  and  ciliated 
ccIIh,  can  l>e  studied,  and  their  various  actions  and  structural  changes 
uh'.crvcil  liir  a  considerable  time. 

Tin*  white-blood  corpuscles  or  leucocytes  re^mble  the  amttba  very 
ehitclv  In  tlieii'  actions  and  (towers,  as  we  bave  seen  in  discnssiug  the 
\\ii\  III  which  the  iMxIy  is  fWH-d  from  foreign  particles.  The  ciliat«d 
I  cU>  itii>  iiiiiiUig  the  most  striking  of  all  tbe  constituent  elements  of  tbe 
l...iK  One  end  is  HsihI  fit  inly  to  the  tissues,  tbe  sides  are  in  contact 
wiiU  llii'b'  rdhnv  iH'IK  but  the  other  end  is  free  and  bears  great  num. 
I'l'i  .  i>l  Itiiir  like  ptXHM'sapji.  the  cilia,  which  project  freely  into  some car- 
'i\  .w  iiiMMt  Nonifi'iirrrtci'.  \Vh:iI  hi>Iolo;:i>t  would beableforanomeut 
1       1 .  . ,  ^(  \\\f  p  iwcr  of  tl«v*c  hair  like  processes  if  be  studied  the  dead 

■'     ili-in>f     Vet  thp  ni'UHcnt  Ihi'«c  cells  arc  studied  alive nuder  tbe 

. ,.  ,  ,v,^,^  II  i>  -i^'ii  lli:»l  1«»F  ibi'  siTvice  of  ibc  l»o<ly  all  tbe  i»ower8  of 

MihDK-il  iHitMvn^  llut  of  motion,  aod  all  tbe  moUoD 
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is  manifested  by  the  little  cilia.  These  sweep  vith  almost  incredible 
rai>idity  in  one  direction  and  more  slowly  on  their  retarn,  tlias  prodac- 
ing;  a  current  in  the  direction  of  most  rapid  motion.  TLiB  motion  with 
the  resulting  cnrrent  ceases  only  with  life.  Each  individual  ciliam  is 
irea>kness  itself,  bat  with  their  combined  action  the  nntold  millions 
coverinj;  the  cells,  in  the  air  passages  for  example,  make  a  strong  cur- 
rent iu  the  liqaid  covering  them.  This  carrent  is  from  the  interior  of 
the  lungs  toward  the  throat  and  carries  along  with  it  particles  of  dnst 
inhaled  into  the  lungs.  In  this  way  the  delicate  breathing  organs  are 
B'wept  cleao  and  left  nnincumbered  for  their  work  of  receiving  oxygen 
and  getting  rid  of  carbon  dioxide. 

If  now  one  pats  under  the  mu-roscope  some  cells  from  the  small 
intestine  of  almost  any  animal  from  the  lamprey  eel  to  man,  the  cells 
appear  almost  identical  with  tho^^e  just  described.  The  end  projecting 
to  the  free  snrface  of  the  intestine  seemH  to  have  a  similar  brush  of 
fine  hairs,  with  a  clear  line  along  their  base.  If  a  striated  and  a  dead 
ciliated  cell  are  under  the  same  microscope  side  by  side,  it  is  almost 
impossible  to  distinguish  them.  Indeed  so  difficult  is  it  that  those  from 
the  intestine  have  been  described  -is  ciliated  more  than  once.  If  both 
cells  are  living,  no  one  could  i-onfuSe  them.  The  striated  end  of  one  is 
niotionless,  the  lines  or  cilia  of  the  other  are  iu  constant  motion.  One 
serves  for  producing  currents,  always  in  the  same  direction,  tiie  other 
is  for  the  purpose  of  absorbing  and  passing  into  the  tissues  the  prwlncts 
of  digestion.  One  is  a  moving  the  other  an  absorbing  cell.  (See  Plate 
XVI.) 

Most  of  the  tissue  elements  of  the  higher  forms  can  not  be  thug 
studied  alive,  however,  and  the  best  that  can  be  done  is  to  fix  the  dif- 
ferent phases  of  action,  as  by  a  series  of  iuslantnueous  (ihotegraphs, 
then  with  a  kind  of  mental  kiiretoscope  pnt  these  together  and  try  to 
comprehend  tho  whole  cycle. 

Fortunately  for  the  histologist  the  incessant  ex]>eriroentation  of  the 
last  twenty-five  years  has  bronglit  to  knowledge  chemical  substances 
which  do  for  the  tissues  the  wonder  that  was  ascribed  to  the  mythical 
Oorgon's  head — to  kill  instantly  and  to  harden  into  changeless  perma- 
nence all  that  gazed  uiKtn  it.  So  the  tisanes  may  be  fixed  in  any  phase 
and  then  studied  at  length.  If  then  the  investigator  observes  and 
keeps  record  of  every  point  that  may  have  an  infiaence  on  the  struc- 
tural ap[>earances,  whether  shown  by  exjierience  or  suggested  by 
insight,  and  this  record  always  accompanies  the  Kpeciuieu,  thus  and 
thus  only,  it  seems  to  nie,  can  he  ("eel  confident  that  he  is  liable  to  gain 
real  knowledge  from  the  study,  knowledge  that  represents  actuality, 
and  which  will  serve  as  the  basis  for  a  newer  and  more  complete  unrav- 
eling of  the  intricacies  of  structure,  an  approximate  insight  into  the 
niectaauism  through  which  the  life  energy  manifests  itself. 

And  so,  with  all  the  life  that  physics  and  cheinistry  can  give,  com- 
mencing with  the  simplest  juoblems  and  being  careful  that  every  fsuttoT 


I  wr.iM  ■'(  c^pvriaMntD  miulj'  to  ilKtenuini'  tha  themiiJ 
'ui.ujnl  xrriii"  "  I"*"  t'le  boat  in  eDiliire<I  in  a  fluid.    Jour- 
K«uun.il  -kK-irty.  VoI.IlI  (l«HO),  pp.  1-16. 
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■  m-.-iirrlng  lu  •'"•  "MtaplrtKiii  !«■  llh-  li>  u^c  ir»>»»«T»  (a  tbe  uoiul 


Dcillizedoy  Google 


Processes  of  Life  Revealed  by  the  Microscope. 

Fia.  6.  Flgui'vs  nboninK  the  similarity  in  appearsuce  of  the  obnorbliif;  rptthellum  oF  the 
intotlDe  nnil  o[  acUlateil  (epithelium.  The  tne  en  Inof  tbecellarointupwani  lowaM  the  (op 
ot  the  page,  and  the  utiached  endB  towant  the  holtom  of  the  p»»re,  cilin,  ThH  mlnuU'.  holr- 
like  proccomM  projecting  from  the  free  end  of  the  chIIs  ADJcenntantljxwInKliig  rapidly  in  oue 
direction  and  returning  lew  rapidly  to  theKlanlng  point.    In  this  way  a  current  la  made  in  the 

plate  or  eeffment  tc  at. 

In  the  abeorblDR  epitheUum  the  segment  ni^iearinK  like  the  cilia  Is  called  the  xtrioled  horder 
or  aegment  lit  hi  and  resle  on  a  clear  Kegment  Ic  t)  co'iiparahle  with  that  on  which  the  cilia 
TetL  In  the  alnoi'blng  epithelium  food  pllrticlr«l/^a^H  repreflenml  ox  paning  through  the 
cell  from  Ibe  free  ewl  rowonl  the  iMse.  oa  indloaled  hy  the  armn:. 
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FosTKR,  M.     Teit  Book  of  Physiology.     (New  York  anil  Loudon,  1895.) 

In  thi*  work  than  !■  lUtsd  very  g]«kIt  what  I*  known  uil  vbit  la  not  known  cenomilnE 
tb*  pmei— "■  of  lilt. 
Gaok,  Simon  H.    The  LJmitntioiu  and  Value  of  Histologioal  Inveetigation.     Pro- 
(■e<-dingH  Amer.  Asaoc.  Adr.  Sci.,  Vol.  XXXIV  (1885),  pp.  346-349. 

In  thi*  p»i»r  l>  puiotiid  mit  the  nsceHity  of  studying  fnuntlon  u  well  u  atruvtoro  in  hlalu- 
loKlcal  Invpiitlgationa  If  nnythiug  like  &  ooinplel<>  nnderMaodlnjnra  tlnana  or  orx»B  la  ulitnlneil. 

U<>ri.i>,  Gbokgk  M.    The  MeanlDg  ftDil  Method  of  Life,    3M  pagex.     {New  York, 
1893.) 

Tlibi  i>  B  moat  atlmnlallnK  and  IniplTlDC  work.    The  lualatlon  In  thin  uddrHi  la  fram  ll. 
llKKTwio,  Oscar.    The  Cell  Ontlinua  of  General  ADBtomy  aud  FbjBiology.    Traos- 
lateil  lijM.  and  edited  iiy  H.  J. Campbell.     Pp.  368,  168  illustratlotia.     (London 
nnd  N<^w  York,  1895.) 

Dr.  Bertwig  laya  aiwclal  ntnw  dd  th«  fanctkin  of  tha  atntotnral  clemaDta. 
HoixiK,  C.  t'.     A  Microscopicul  Stndy  of  Cbangi^  Due  to  FanotioDal  Activity  in 
Nerve  Cella.    .loumal  of  Morphology,  Vol.  VII  (1892),  pp.  95-168.     Two  platea. 
In  Ifala  paper  and  tha  naib  are  given  the  fkolaon  whieh  tho  atalemeolHconoemiug  tht^cliangaa 
In  uarre  sella  mentioned  In  thli  addreu  nre  bsaHl.    Thar«  l>  al>H>  In  tlila  Bn  excellent  r«anin«  «t 
what  la  known  of  atrimlural  appeiinlKea  dn«  lo  vital  activity  Id  gUnd  I'ella. 
HoDGR,  C.  F.     ChaDgea  in  Qangllon  Cella  trora  Birth  lo  !Senit<^  Death.    Obaervatioua 
on  Man  and  the  Honey  Bee.     Journal  of  Phyaiology,  Vol.  XVII,  pp.  129-134. 
On«  plati<. 
HowKi.L,  W.  H.    The  Phyaiology  of  Sfcrt'tion.     The  Rpfereac<-  Handl>ook  of  the 
Medical  Sctencca  (N.  V.,  1888),  pp.  363-3T!i. 

In  tbia  article  Ur.  Howell  glvra  a  very  admirable  acconnt  of  aecrMJou;  and  bearing  upon  tb* 
■UiuinilUrity  ot  living  and  liTeleaa  thlnga  saya  that  Homethine  more  than  almple  physiosl  law  1* 
necvaaarj'  to  explain  (he  ditTareneea. 

KiNGsniiBY,  B.  F.    The  IliHtological  Stmctnreof  the  Enteroiiof  yeclumt  marmtalui. 

ProccedingB  of  the  Ameriouu  Micr.iecopicai  Society,  Vol.  XVI  (1894),  pp.  21-«14. 

Right  platf-B. 

In  Ihia  paper  tbe  atructnral  appearanraa  •o'wnpanylng  activity  In  the  enteric  eplDielluni  are 
deacrlbed  and  Mgureil. 
Lanolby,  .1.  N.    On  the  Hiatology  and  Physiology  of  (he  Fe[nlii  Konuing  Glnnda. 

Philoa.  TranH.,  pp.  B63-711  (1881). 
Met<:hniko('P,   Eijah.     Lecturea  on  the  Comparative  PHthology  of  Inflammation, 

delivered  at  the  Pontenr  Iiiatitiite  iu  1K!)1.    Trnnalated  from  the  French  liy  P.  A. 

and  K.  II.  Stiirlink;-     Pp.  218,  three  colored  platea  and  65  tigtirex  in  the  text. 

(Ixtndun,  1893.) 

"Uy  principal  object  In  wriliug  thin  honk  la  to  ahow  the  Intimate  ciinnectinu  that  I'lluta 
between  nstbology  and  hi..logy  prt.|»rly  w  called."  Author'a  preface.  F.ir  the  purpowa  of  the 
preecdlDB  adilnwa  the  part*  of  tbe  book  Hbowliig  tbe  actlvltiea  of  uulcelliilU'  organlama,  Ihelr 

of  hnrtfnl  or  clof^ging  inatlur  are  of  eapei'lal  linportanm, 
SEiMiwlCK,  Wm.  T.,  and  Wii.si)n,  E.  II.     An  intro<liii'tion  to  general  liinlogy,  p.  231, 
1%  liga.     'J(l  edition  (N.  Y.,  1895.) 

Tble  work  empliualiea  the  phyalolciglial  aide  of  the  •irmniaiii.  and  the  Hr~t  iibaptera  diai:u>a 
with  cleameea  nad  force  the  churaclera  of  living  thiuga. 

Thomson,  Hir  Wm.  (Lord   Kelvin).— On  the  Diaaipatioii  of  Energy.     Portnightly 
Review,  vol.  57  (1892),  pp.  313  to  321. 

Tp  thla  paper  may  be  found  the  itHotatiOQgi  van  In  (faiaaddrenrt  nndalAO  the  Htatoinent  of  l.ieblg. 

Tait,  p.  a,     Propertiea  of  Matter  with  an  Appendix  on  llypothcHea  aa  to  the  C<in- 
Btitation  of  Hatter,  by  Prufeaaor  Fliut,  D,  D.     (Ediubargb,  ISffi).     Pp.  3a). 


3»8  KXISTKfCE  ABD  DWTRIBUTION  OP  MAKINB  OKGAHISK8. 
iwwtioii  ■»  concwned,  by  fator..  inveetigatioDS.  Quito  rweatij  >  <M 
.rt  ..ver  4,9tw  fathonn  (nearly  M  kilometen.)  ha»  beeii  recorded  in  wiit 
ih  kuowu  ik<  the  ALlnch  I>*ep,  to  the  soutbewst  of  (he  Frieudir  Iduds 
the  i.-r«»test  .iei^h  >t  which  bottom  has  l>een  reach«l  is  in  4  680  btkoo^ 
is^  kilwmfters)  m  the  Atlantic,  north  of  the  Virgin  Islands.  A  otaih 
<M|ual  aei>th— 4.«.V>  fathoms—is  foand  in  the  ToM-arora  Deep,  to  tt^ 
eat^t  of  Japan.  The  rkallenger'*  deepest  soanding  »a«  iu  4.475  HOmi 
(ovt-r  S  kilooieten*!,  north  of  the  Caroline  Islands.  On  the  vbaki 
exliiuate  that  about .'.  p^r  cent  of  the  area  of  the  oc-ean  has  a  deptfa  rf 
over  :{,iliw  tiithoms  (  5*  kilometers). 

The  whole  surtiiw  of  the  earth  may,  from  a  qoite  ^Deral  point  of 
view,  be  divi.led  iut.>  elevate*!  p]»teaa«  and  itabmerged  plains,  tbeelt^ 
vated  plateaus  Iwing  reprej^ented  by  the  continents,  which  occapf 
about  two  sevenths,. I' Ibe  earth's  surface,  and  the  submerged  idainsbf 
the  abysmal  ai-eas  4>f  the  ocean,  which  cover  abont  four-sevenths  of  the 
earth's  .inrfiK-e.  tbe  remiiitiiug  one-seventh  of  the  earth's  snrfaee  beine 
u«'cupieil  by  the  slo|(e  t'onnet^'ting  the  one  with  the  other.  Tbe  av^we 
level  of  the  c-oiitineutiil  plateaus  is  about  2,600  fathoms  (over  4j  kilo- 
meteis  alwve  the  gener.d  level  "of  the  ftbysmal  area.  These  gmt 
tfoughs  or  hollows  on  the  surfiice  of  the  earth  are  filled  vrith  salt  wata 
up  Ut  within  a  few  hundred  feet  of  tbe  average  height  of  tie  coiitj- 
nt-iital  plateaus. 

At  the  present  time  the  terai>eratur«  of  the  ocean  water  varies  frora 
L'S "  or  :;y "  F.  ( — a.'.':,'"  or  —1.67'^  C)  at  the  poles  to  from  80°  to  85^  F. 
(from  L'<>.ti7"'  to  :J9.44^  C.)  at  some  iK>int«  within  tbe  tropics.  The  «» 
siiual  variation  oC  the  surface  temperature  is  not  felt  at  depths  over  106 
fathoms.  At  the  level  of  a  depth  of  I,OUIi  fathoms  l>eneatb  the  surftce 
the  moan  temi>eratiire  of  the  ocean  is  3fi.5o  F.  (2.5°  C),  the  Atlantic 
and  Indian  Oceans  being,  on  the  whole,  warmer  than  the  Pacific  at  this 
depth,  and  at  greater  depths,  even  within  tbe  tropics,  the  temperature 
may  at  some  [Miints  fall  as  low  as  the  freezing  point  of  fresh  water. 

Sea  water  conluinN  in  solution  a  fairly  constant  proportion  of  salts 
)Uid  ft  more  variable  projMirtion  of  gases.  The  saline  Goustil,ueuts,to 
which  sea  water  owes  its  dislinctive  proi>erties,  consist  chiefly  of  chlo- 
ridivs  and  snipbules,  with  a  comparatively  small,  but  none  the  less 
imiHii'taiit,  proportion  of  ciirl>onatcs  and  broJiiides.  Of  some  twenty- 
lour  metals  which  have  Iwen  deteirfed  in  sea  water,  only  sodium,  mag 
iiesiuui,  calciain,  and  imtaKsinm  are  of  any  importance  iu  determiniu" 
lite  (■hiiracter  of  the  water.  The  presence  of  this  saline  matter  gives 
I  ho  vk  iUor  ftu  increased  density,  and  this  density,  measured  under  uni 
tot  in  i-ondltions,  is  taken  as  a  measure  of  tbe  absolute  quantity  of  salt 
Ml  Milnlion. 

Ill  miy  siimpte  of  sea  water  the  pro|iortion8  of  the  various  saline 
KHi-liti'  -**  — 'aiii  quite  sensibly  constant  among  themselves.  This 
^[.^1.  -{h  true  as  a  rnle,  is  liable  to  an  exception  in  tbe  case 

, ,  4!tual  determinations  of  the  lime  aud  from  the  inereAse 

Dcillizedoy  Google 


EXISTENCE    AND    DISTKIBUTION   OF    MABINE    OEQANIBMS.       399 

I  the  alkalinity  of  very  deep  watern,  there  seems  to  be  no  donbt  that 
lie  quantity  of  lime  iucreases  with  tlie  depth.  It  has  long  beea  koowa 
b:i-t  se»  water  in  distinctly  alkaline  to  teot  paper;  tbia  is  due  to  an 
xcess  of  base  over  sulpburie  and  liydrocbloric  acids,  the  sarplns  base 
•eing;  more  or  less  Haturated  by  carbonic  acid,  too  weak  an  itcid  to 
tring  iibout  a  iientral  reaction. 

Tlie  gases  in  sea  water  are  not  only  mucli  more  variable  than  tbe 
Uiliiie  matters  in  their  absolute  amount,  but  also  vtu'y  in  tbe  propor- 
tions ikinong  themselves.  The  gases  of  general  ocvurreuce  are  oxygen, 
litrogen,  and  carbonic  acid,  the  two  former  beiu(^  wholly  derived  by 
jtbsorption  from  the  atmosphere,  white  the  last  named  is  partly  absorbed 
from  the  atmosphere  and  partly  due  to  escretiou  from  auiraaU  and  to 
oxidation  of  organic  matter  in  situ. 

The  gas  is  absorbed  from  the  atmosphere  by  the  merest  surface  layers 
only  of  the  water,  and  is  distributed  to  tbe  rest  of  tlie  ocean  by  descend- 
iDg  currents.    The  quantity  absorbed  is  determined  by  tbe  tem]>erature 
of  the  water  and  the  pressure  of  the  atmosphere,  but  cliietly  by  the 
former.     If  the  wat«r  remaining  on  the  aurfate  i>as8 14>  a  warmer  region 
gas  is  given  off,  if  to  a  colder  region  more  is  absorbed.     Otnie  the  water 
is  cut  off  from  the  surface  by  overlying  layers  of  water  all  further 
absorption  of  gas  ceases.    Of  the  three  gases  nitrogen  alone  remains 
constant  in  quantity.    Theoxygenof  the  water  is  taken  up  by  animals 
for  tbe  furtherance  of  their  metabolic  processes,  and  in  i^s  place  they 
excrete  carbonic  acid.    Thas,  if  free  surface  ventilation  be  denied  there 
is  a  continual  decrease  in  the  proporiion  of  oxygen  and  a  correspond- 
ing increase  in  the  quantity  of  carbonic  acid;  and  in  small  inclosed  seas 
this  process  may  go  so  far  as  to  render  the  water  qnite  unfit  for  tbe 
support  of  animal  life  of  any  order  much  higher  than  that  of  bacteria. 
On  account  of  the  coetHcient  of  absorption  of  oxygen  being  double 
that  of  nitrogen,  the  proportion  of  oxygen  to  the  total  gas  in  sea  water 
under  full  aeration  is  double  that  in  air,  being  as  a  matter  of  fact  31^ 
to'33j  per  cent.    The  absolute  quantity  of  gas  in  solution  in  surface 
waters  is  found  to  decrease  as  we  go  from  tbe  poles  to  the  equator,  as 
also  does  tbe  proportion  of  oxygen.     In  high  latitudes,  indeed,  tbe  pro- 
portion of  oxygen  is  so  high  as  to  amount  to  snpersaturation,  a.s  much 
as  30,7  per  cent  having  been  found  in  polar  waters.    The  quantity  of 
oxygen  is  always  less  in  bottom  than  in  intermediate  waters  from  great 
depths,  but  no  oceanic  water  at  least  is  found  to  be  absolutely  devoid 
of  ozygen,  although  iu  waters  from  the  bottom  in  great  depths  the 
amount  is  sometimes  very  small. 

Both  the  horizontal  and  vertical  circulation  of  ocean  waters  is 
mainly  governed  by  the  prevailing  winds  which  blow  over  the  surface, 
aud  tbese  are  again  determined  by  the  position  of  the  areas  of  high 
and  low  barometric  pressure.  Where  the  winds  are  dry  and  constant 
there  we  find  ttic  saltest  water  at  tho  surface,  as  for  instance  in  the 
trade-wind  regions  of  the  Ifortb  and  South  Atlantic  and  South  Pacific, 
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In  the  terrigeuoiis  tieposits  now  being  laid  down  in  the  shallow  and 
deep  waters  of  the  continental  arva»,  we  have  in  the  organic  remains 
quartz,  glanconite,  i>lioBphatic  nodnlCH,  an  assemblage  of  inateriala 
resembling  in  alt  important  respet^ts  the  stratified  layers  making  np 
the  larger  part  of  the  continental  masses. 

Whea  we  turn  to  the  deposits  in  the  abysmal  regions  far  removed 
from  cODtineotal  land  we  find  that  deposits  are  being  formvd  which  do 
not  resemble  so  closely  the  continental  rucki*.  In  depths  of  less  than  2 
miles  the  deposits  are  principally  made  up  of  the  dead  shells  of  cnrboii- 
ate  of  lime  secreting  organisms,  which  ha^l  lived  at  the  snrfaco  of  the 
sea,  such  as  calcareous  algie,  foraminifera,  pCeropods,  and  other  pelagic 
mollusks,  forming  glubigerins  and  pterojxtd  oozes.  In  the  colder  parts 
of  the  extratropical  regions  the  siliceous  frustules  of  diatonis  which 
had  lived  on  the  surface  predominate  in  the  dejiosit,  and  thus  produce 
a  diatom  ooze.  In  the  still  greater  depths  of  the  ocean,  i.  e.,  over  2 
miles,  the  carbonate  of  lime  organisms  are  partially  or  wholly  removed, 
either  while  falling  to  the  bottom  or  shortly  after  reaching  the  bottom, 
through  the  solvent  action  of  the  sea  water.  Where  tiiey  are  wholly 
removed  the  deposit  may,  as,  for  instance,  in  the  western  parts  of  the 
Pacific,  contain  a  considerable  percentage  of  radiolarian  skeletons, 
which  had  lived  in  the  surface  aud  intermediate  waters,  and  the  deposit 
is  then  called  a  radiolarian  ooze,  but  usually  the  deposit  is  what  has 
been  called  a  red  (or  chocolate-colored)  clay,  and  this  covers  a  larger 
proportion  of  the  sea  bed  than  any  other  kind  of  de|)osit. 

The  red  clay  has  evidently  accumulated  at  an  extremely  slow  rate. 
It  consists  principally  of  hydrated  silicate  of  alumina  iiud  the  i>erox- 
idesof  iron  and  manganese,  mixed  with  thousands  of  sharks'  teeth, 
represented  by  the  dentine  of  Varekarodon,  I,amna,  and  Ojyrhina,  of 
dense  ear  bones  of  various  species  of  cetsicea,  and  the  dense  mesoros- 
tral  bones  of  ziphioid  whales.  These  red-clay  deposits  likewise  con- 
tain many  magnetic  spherules  with  crystalline  or  metallic  nuclei, 
which  are  believed  to  be  the  dust  burnt  off  from  the  outer  surfiKes  of 
meteoric  stones  heated  as  they  pass  through  our  atmosphere.  These 
cosmic  sphemtes  probably  fall  all  over  the  surface  of  the  earth,  but 
their  presence  is  here  evident  because  the  deposit  may  not  accumulate 
to  the  extent  of  more  than  an  inch  in  several  ccTituries.  The  manga- 
nese and  the  iron  are  often  de[X»sited  in  concentric  layers  around  the 
sharks'  teeth,  ear  bones,  and  volcanic  lapilli,  and  in  some  places  the 
deposit  contaius  many  zeolitic  minerals  which  have  evidently  been 
formed  in  situ. 

When  we  tarn  to  the  observations  on  the  pelagic  fauna  and  Horn  it 
will  be  found  that  there  is  a  considerable  difl'erence  between  the  organ- 
isms observed  near  shore  and  those  present  in  the  open  regions  of  the 
ocean — a  difference  recognized  in  the  terms  neritic  and  oceanic  plank- 
ton. The  coccospheres,  rhabdospheres,  pelagic  foraminifera,  hetero 
poda,  pt«ropotla,  and  radiularia,  so  abundant  in  tow-net  gatherings  in 
BV9 
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*Iif  in^i  wnui.  ir»  M)-«>iir  -ir  bot  9p«rtttiEly  represented  in  fatw-sct 
iar;i«-nir»  n^.r  -.!••  :ii!iL 

A.i  ~.i»  •:i:"->-<-i..ri*  >t'  .1:11c  -tt^Tvcing  orgiBisms  are  tnocfa  ^m)i«  abmh 
•Luir  .-I  '.If  r  im<T  Aita  :n  -  iie  ^iililer  waters,  uwi  we  bave  ae^  thti 
'M":  Ji-Aii  •lie  I.-i  irv  -iiiii-u  3H>re  aboadaot  at  tbe  boCton  witbin  tb« 
'.-  I  ■<•-«  -  i.ia  '.<'*irt  '  I**  ^  Uz  anas:  indeed,  throagii  these  orgwiic 
pr  wfinw*  :ai>  'iic  dtumic  :n  mlntioa  in  tbe  oeetui.  probAblf  ia  Ur^ 
par* •V j-');t.  "  -i-r">Ht  irim  'ii«<tisint«Kra£ioii of  tbe contiimita]  ToekL, 
:■*  If  -iif  o'--!»«*n-  *.3n»  b«Tij  .t«vniiutla£e<l  toward  tbetropH^  r^iocB 
ftf  -\y^  .*ar-li.  1:1  -;:c  Tp  firt  th«K  are  ia  tbe  snrCMe  waters  ore 
rw^r.-y  *7«».-.-:i  ■■;'  ^.'■Arv  fitraminiret*  wbick  secrete  thick  esrbonateirf 
I..,.*-  -t':.*^'..'.  T.i'-y*-  Bi-v.'::  .!:-tappear  as  the  enlder  wBters  of  tbe  potar 
T'-::."^.*  »c^  i*r.nc-  ■■u-t'^l.  Lki'.d  are  there  represented  by  two  dwarfed 
«j*ci^  f.f  •j;'.i.>>:i>-Tir..k.  Ir.  thf  aame  way  ■any  npeejes  of  shelkd  piero^ 
i^^l*.  hpJpr..;-Ml-'.  ai.tl  r»-U;r!'-  gastropoda  lire  in  thewamei-  watenirf 
H<4-  ivfi.'-*.  i'^ir  lii-rfpfi^^of  ^ue  represented  only  by  small  tbin-dielled 
hrft^'iii.i-  itT  ri'ikfl  ."im-:*"!-  in  |H>larwata«.  Tbe  calcareous  cooeoBphntc 
And  rhrtlKl'r-i.l^-res ..("  tije  tn-iiit^  and  warm  waters  gire  plaoe  in  polar 
witt*-rn  to  njn-A-it-:'  of  stlg*  which  secrete  no  lime. 

TliJa  H>ii((iilant  Miretion  of  carbonate  of  lime  in  the  warm  waters  of 
I  tiK  Tr'f(>i('M  to  ii|ii>arci)tly  due  to  chemical  rather  than  physiological  cod- 
lUIUrii:  Vi'Ucn  Dffitral  ammoninm  carbonate  is  added  to  sea  water  at 
»  lillfli  l<-(ii|fi-raliire — '^fr-  to  S.^^  F. — the  lime  salts  other  than  carbonate 
|i(('i<'iit  III  M'li  wdler  iire  quickly  decomposed  and  an  immediate  precipi- 
txlc  iif  I'ltrlioiDitc  of  lime  litiving  tbe  properties  of  aragonite  is  formed, 
ti  lillc  ir  llifi  HJiiiit^  exiMTimeiit  be  carried  not  at  alow  temperature — 10^ 
l<>  lir  !<',  1 1111  (Mirbiiniitc  of  lime  separates  oat  very  slowly  and  in  doing 
111  liilii'K  Mil'  loriM  of  citlcite.  Tbe  abiiridaiit  secretion  of  carbonateof 
ll<iit>  hi  llii>  tviii'iii  wiiliirH  of  the  Tropics  at  the  present  day,  as  well  as 
llic  |i<t>l>ti>  ili>M']i>|itiiei]t  of  carlwiiate of  lime  organisms  in  cold  jiolar 
ii'i<liiii><,  II 10  ItitMi'ntltiff  fiKito  when  we  remember  that  coral  reefs  door- 
I'llii-il  (iiililii  lhi<  All-He  Oirclo  daring  Paliipozoic  and  even  later  times. 
iMiil  liKiii  iliK  iiuiiHit'i' ill  wiiicli  the  lime  is  secreted  we  may  safely  con- 
>  )iiili>  llmf  tlii>  imhiiMMtters  In  tliese  ancient  times  must  have  had  a 

iHii|,i>i„(iii.M.r  tiiiotit  ;»■  K{:ii'-'i(\). 

N11I  i>ii|\  \h  iIii<  iiniiilx'r  (ilstHTies  of  liine-siiireting  organisms  in  the 
•iiilihii  \Miii>i'>  .if  tin'  'riiipics  jcreuter  tliau  in  the  cold  water  of  the 
I'i'I'M  huifmit,  Iml  tho  mtiiii'  lioldM  mwd  for  t)ie  radiolaria  and  nearly  all 
"\\if\  I'l.i  .'..'a  ,i|  |ii%liiiii<>  inniuuHHia,  the  ctiaracteristic  of  the  pelagic 
"'■■■uiiiiiia  ,tt  III,,  n,i|„i  mi.,t^  lifiuj;  11  rvlatively  small  number  of  si>ecies 
•I'lil  •!  i->v.it  >il>iti)>li)it<'Oi>l'iiii)j\u)i)ids.  Another  peculiarity  of  tbe  tow- 
"' '  'Milii  uti|  1 1»  )!»!'  Vi\  titMtiul  Aiiltintic  areas  is  the  almost  complete 
iiti  ,  inMijij  ii,.|,t,.,,.  I  ti  \  ,«■  nf  l>■^|>||Hvt  animals  which  are  so  abnndant  in 
'"  ii'\-n>i  iht'  IN\'i>i>-s^     A  <vmpariMn  of  two  tow-uet  gath- 

t>i(  iii'i(«'»   t'lxMM'l.x  v!;ii!:.»r  naidiiifws,  one  in  tbe  cold 
s.i.»i%*>>   »»'f  «V«-.>.i-^i  f.-.;hv  warm  waters  (rf*  the  Tropics, 
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shows  that  tbere  is  a  much  greater  namber  of  species  in  tlie  Tropics 
than  in  the  Antarctic,  bnt  at  the  eanie  time  a  lesa  total  amonntof 
orKnnic  matter,  dne  to  the  smaller  absolute  number  of  iudividuals  in 
the  warmer  wat«ra.  In  making  tliis  comparison,  however,  it  mast  be 
lecstlleil  that  the  metabolism  of  cold-blooded  animals  rises  vith  the 
tein|>eratDre  of  the  water,  and  is  therefore  very  much  more  rapid  within 
the  Tropics  than  at  the  Antarctic  Circle,  so  that  within  a  given  period 
of  time  many  more  organisms  may  pass  through  their  life  history  in 
warm  than  in  cold  water,but  on  account  of  the  high  temperatnre  of  the 
water  the  effete  products  are  more  rapidly  disposed  of  than  in  the  cx)ld 
polar  waters,  where  chemical  action  is  more  sluggish.  A  measure  of 
t)iis  rate  of  change  is  to  be  fonnd  in  the  large  amount  of  saline 
ammonia  present  in  the  sea  water  of  the  Tropics,  while  albuminoid 
ammonia  predominates  in  polar  waters. 

When  we  compare  the  shallow- water  animals  living  on  or  attache<I  to 
the  bottom  within  the  tropica  and  toward  the  polar  regions,  we  find 
that  the  distribatiuu  follows  the  same  laws  as  in  the  case  of  the  pelagic 
organisms.  There  are  many  more  species,  especially  of  lime-secreting 
organisms,  in  the  warm  waters  of  the  tropics  thau  tn  the  colder  waters 
toward  the  poles.  For  instance,  the  Challenger's  dredgings  in  the 
vicinity  of  Cape  York,  Anstralia,  in  depths  less  than  12  fathoms, 
yielded  554  species  of  metazoa,  while  many  moredredgings  at  Kerguelen, 
iu  depths  less  than  25  fathoms,  yielded  only  130  8t>ecies;  indeed  the 
total  namber  of  species  known  from  Kerguelen  in  depths  less  than  25 
fathoms  amounts  only  to  242  species.  While  the  number  of  species  of 
ahell-bearing  mollasks  procured  by  the  Challenger  in  depths  less  than 
12  fathoms  at  Gape  York  was  292,  only  92  species  were  taken  at  Ker- 
^elen  down  to  120  fathoms,  and  tlie  total  number  known  from 
Kerguelen  is  only  125  species.  The  higher  Crustacea  (macrura,  anomura, 
brachynra)  are  also  more  abundant  in  the  tropics,  while  the  reef-build- 
ing corals  are,  of  course,  entirely  absent  at  Kergaelen.  Ou  the  other 
hand,  the  hydroida,  holothurioidea,  annelida,  araphipoda,  ieopoda, 
pycnogonida,  and  tunicata,  which  secrete  little  or  no  carbonate  of 
lime,  are  more  numerous  in  the  cold  waters  around  Kerguelen. 

The  recent  deep-sea  researches  have  shown  that  not  only  is  life 
universally  present  in  great  abundance  at  the  surface  of  the  sea,  and 
probably  also,  though  much  more  sparsely,  ia  all  the  intermediate 
depths  of  the  ocean,  bat  also  that  fishes  and  all  the  invertebrate  groups 
are  spread  all  over  the  door  of  the  ocean  in  great  numbers.  The  total 
namber  of  species  taken  by  the  Challenger  in  depths  less  than  100 
fathoms  is  4,400;  in  depths  between  100  and  600  fathoms,  2,050;  in 
depths  between  500  and  1,000  fathoms,  710;  in  depths  between  1,000 
aud  1,600  fathoms,  600;  iu  depths  between  1,600  and  2,000  fathoms, 
500;  in  depths  between  2,000  and  2,600  fathoms,  340,  and  in  depths 
over  3,500  fathoms,  235,  It  is  thus  seen  that  the  actual  namber  of 
species  procared  decreases  with  increase  of  depth,  and  if  we  take  into 
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ai;count  the  number  of  stationn  included  in  each  zone  of  depth  we  find 
that  the  number  of  Rpecies  per  station  decreases  gradually  ^ooi  (i23 
species  per  station  in  the  shallowest  zone  to  9.4  species  per  station  in 
the  deepest  zone,  as  shown  in  the  following  table: 


Itcpth  In  fatt 


Again,  it  is  interesting  to  point  ont  that  the  proportion  of  genera  to 
species  procured  in  the  different  zones  iucreaHes  gradually  with  increase 
of  depth,  the  ratio  of  genera  to  species  in  the  shallowest  zone  being  ae 
1  to  2.93  and  in  the  deepest  zone  as  1  to  1.17,  as  shown  in  the  following 
table: 


An  analysis  of  dredgings  at  similar  depths  close  to  and  far  removed 
from  continental  lihores  shows  lliat  both  species  and  individnala  are 
more  nunieroas  on  the  terrigenous  de[>osits  close  to  the  shore,  and  the 
proportion  of  R|>ecies  lo  genera  is  higher,  than  on  the  pelagic  deposits 
far  removed  from  the  land.  This  seems  to  indicate  that  migration  has 
taken  place  from  the  Hballow  waters  close  to  the  shore  to  the  deeper 
waters  nf  the  great  oi'«an  basius,  and  thitt  the  ancestors  of  the  fanna 
at  great  depths  far  remove<l  from  land  have  migrated  from  many 
shallow-water  areas  on  the  surface  of  the  globe.  Un  the  whole  the 
deep-sea  fauna  resembles  that  of  the  shallow  waters  of  the  polar 
regions  moch  more  than  that  of  the  shallow  waters  of  the  tropical 
regions,  in  so  far  as  the  animals  of  the  deep-sea  fauna  have  a  relatively 
small  quantity  of  carbonate  of  lime  in  their  shells  and  skeletons,  the 
proportion  of  genera  to  si>ecie8  is  higher  than  in  the  tropics,  and  there 
is  an  absence  of  pelagic  or  free  swimming  larvn-. 

In  depths  of  over  1,()()0  fathoms  tlie  Challenger^a  trawlings  rarely 
yielded  over  10  or  15  specimens  of  any  one  species,  but  in  lesser  depths, 
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for  iiistative  in  about  500  fbtbomb,  huudreda  of  epecimeus  of  bolothn- 
rians,  pycuogouids,  aud  crutttaceans  liave  beeu  pi-ouared  iu  a  single  haul, 
and  just  beneath  the  mud  line  at  a  depth  of  about  100  fathoms  around 
continental  shores  eoormous  numbers  of  individuals  belonging  to  one 
species  have  been  procured.  This  is  the  great  feeding  ground  ia  the 
ocean.  To  this  depth  the  herring,  salmon,  whales,  narwhals,  descend 
to  feed  upon  the  immense  numbers  of  iuvlividaals  belonging  to  species 
of  Galanua,  Euchaia,  Ptusiphaa,  Crangon,  Hippoh/te,  as  well  as  species 
of  Bchizopods,  amphipods,  isopods,  fishes,  and  cephalopods. 

Probably  the  mjyority  of  deep-sea  species  live  by  eating  the  surface 
layers  of  the  mad,  clay,  or  ooze  at  the  bottom,  and  by  catching  or  pick- 
ing np  the  small  organisms,  or  minute  particles  of  organic  matter  which 
fall  from  the  surface  or  are  washed  away  f^om  the  shallower  reaches  of 
the  ocean,  and  ultimately  settle  on  the  bottom  beyond  the  mad  liue. 
These  mud-eating  species  are  iu  tarn  the  prey  of  uamerous  rapacious 
animals  armed  with  peculiar  tactile,  prehensile,  and  alluring  organs,  for 
phosphorescent  light  plays  an  important  rfde  in  the  economy  of  deep- 
sea  life,' and  is  correlated  with  the  red  and  brown  tints  of  the  minority 
of  deep-sea  organisms.  Some  species  are  blind,  and  others,  in  addition 
to  large  eyes,  are  provided  with  a  sort  of  bull's-eye  lantern,  from  which 
streams  of  light  are  thrown  ont  at  the  will  of  the  animal.  Phospho- 
rescent organs  act  sometimes  as  a  lure,  sometimes  they  indicate  the 
presence  of  prty  or  the  passage  of  an  enemy. 

Some  species  of  deep-sea  organisms  are  of  gigantic  size  when  com- 
pared with  their  shallow-water  allies.  Some  of  the  hexactincUida  are 
3  or  4  feet  in  diameter;  the  hydroid  MohocuuIuh  is  3  feet  in  height;  the 
legs  of  some  pycnogonids  extend  for  over  a  foot  on  either  side  of  the 
body,  and  the  largest  echini  and  isu|>ods  are  found  in  deep  water. 

Before  the  systematic  investigation  of  the  deep  sea  it  was  believed 
by  some  natoralists  that  the  remnants  of  faanas  which  flourished  iu 
remote  geological  periods  would  be  found  iu  the  great  depths  of  the 
ocean.  This  expectation  has  not  been  realized.  IHscina  and  some 
other  brachioi>ods  undonbtedly  rei)resent  a  very  ancient  group;  still  the 
king-crabs,  lingnlas,  trigonias,  Fort  Jackson  sharks,  Hetiopora,  Ampki- 
oxvs,  Oeralodta,  T/epidosiren,  and  other  shore  and  shallow- water  forms 
undoubtedly  represent  older  forms  than  anything  to  be  found  in  the 
deep  sun  at  the  present  time. 

Sir  Wyville  Thomsou  was  of  opinion  that  from  the  Silurian  ])eriod  to 
the  present  day  there  bad  been,  as  now,  a  continuous  deep  ocean,  with 
a  bottom  temperature  oscillating  about  the  freezing  point,  and  that 
there  had  always  been  an  abyssal  fauna.  It  is  much  more  probable 
that  in  paleozoic  times  the  ocean  basins  were  not  so  dee[>  as  at  the 
present  time;  that  the  oceau  had  then  a  nearly  unitbrm  high  tem^wra- 
tnre  throughout  its  whole  mass,  and  that  life  was  either  absent  through- 
out all  the  greater  depthttor  represented  ouly  by  bacteria,  as  in  the 
Black  Sea  at  the  present  day. 
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Au  aoalyais  of  the  Challenger's  resalts  seems  to  show  that  the  deep- 
sea  organisms  at  present  inhabiting  the  sea  bed  are  not^  as  is  generally 
supposed,  nmversally  distributed  iu  the  abysmal  area;  indeed,  they 
do  not  seem  to  be  much  more  widely  distributed  than  shore  forms 
from  any  one  given  region.  Of  the  272  species  takeu  iu  the  deep-water 
area  of  the  Kergnelen  Region,  in  depths  of  over  1,260  fathoms,  60  per 
cent  are  only  known  from  these  dredgiogs,  and  not  more  than  6  per 
cent  have  been  found  in  the  dredgings  within  and  to  the  north  of  the 
tropics.  Again,  of  the  523  species  fonnd  in  depths  over  1,000  fathoms 
south  of  the  southern  tropic,  64  per  cent  are  known  only  &om  this 
area,  and  only  8  per  cent  are  known  th>m  dredgings  within  the  tropics 
and  to  the  north  of  the  northern  tropic 

The  Challenger  dredgings  in  the  neighborhood  of  Marion,  Kergnelen, 
and  Heard  islands,  down  to  a  depth  of  150  fathoms,  gave  533  species; 
of  these  61  percent  are  unknown  outside  that  region,  while  3  per  cent  are 
known  &om  areas  within  and  to  the  north  of  the  tropics,  and  6  per  cent 
are  known  irom  regions  north  of  the  northern  tropic,  but  not  within  the 
tropics.  I  have  already  stated  that  the  number  of  genera  and  species 
is  largest  in  the  shallow  zone  under  100  fathoms,  and  that  the  number 
decreases  down  to  the  deepest  water  far  removed  ftom  laud.  This 
relation  apparently  holds  good  even  in  shallower  depths  less  than  100 
fathoms,  and  especially  within  the  tropics,  the  number  of  genera  and 
species  iu  depths  less  than  20  fathoms  on  the  whole  exceeds  the  num- 
ber in  deeper  water.  The  statistics  of  the  Challenger  investigations  in 
the  neighborhood  of  Kergnelen,  however,  seem  to  show  that  iu  depths 
less  than  50  fathoms  the  number  of  species  and  genera  may  be  leas 
than  in  greater  depths,  tbr  the  total  number  of  species  recorded  fh>m 
Kergnelen  in  depths  less  than  50  fathoms  amounts  to  242,  less  by  30 
species  than  the  number  captured  in  $  trawlings  in  depths  greater  than 
1,260  fathoms,  and  iu  deptlis  between  75  and  150  fathoms  aronnd  these 
Antarctic  islands  both  species  and  individuals  appeared  always  to  be 
more  abundant  than  in  shallower  water. 

The  general  similarity  between  the  fauna  and  flora  of  high  uorthem 

and  high  southeru  latitudes  has  been  many  times  remarked,  and  in  the 

first  dredgings  of  the  Challenger  in  comparatively  shallow  water  in  the 

southern  hemisphere  the  naturalists  were  very  much  struck  by  the  char 

acter  of  the  fauna  being  very  like  what  they  had  been  accustomed  to 

procure  iu  somewhat  shallower  water  off  the  northern  coasts  of  Kurojie; 

the  species  iu  many  cases  seemed  to  be  identical.    This  impression  tras 

deepened  as  the  Challenger  dredgings  still  further  to  the  south  were 

eKaniiued.    The  specialists  who  have  described  the  various  groups  of 

animals  brought  home  by  the  Challenger  frequently  «all  attention  to 

sp^- '  the  Kergnelen  Kegion  being  identical  or  closely  allied  to 

-■g  in  the  for  north,  which  at  the  same  time  ore  wholly 

thin  the  tropics.    We  are'iiow  acquainted  with  about 

w  of  Metazoa,  and  nearly  100  closely  allied  speoiei, 
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occnrring  in  the  eztra-tropioal  regions  of  the  Dortbern  and  Bontliem 
bemispberes,  and  wholly  nnknomi  ttom  the  intervening  tropical  sone. 
Again,  a  list  haa  recently  been  published  giving  54  speciea  of  marine 
Algffi  common  to  Che  northern  and  sonthern  oceans,  and  not  occurring 
within  the  intervening  tropical  belt.'  In  fact,  the  arctic  and  antarctic 
marine  faunas  and  floras,  geographically  as  wide  asunder  as  the  poles, 
are  generally  more  closely  related  to  each  other  tban  to  any  interven- 
ing fauna  or  flora.  This  is  all  tbe  more  remarkable  when  we  remember 
that,  with  the  exception  of  a  few  pelagic,  brackieb  water  and  deep-sea 
species,  there  is  hardly  a  species  of  marine  Metazoa  common  to  the 
east  and  west  coasts  of  Africa  within  the  tropics. 

In  order  to  give  a  rational  explanation  of  these  remarkable  facts  in 
the  distribution  of  marine  organisms  at  the  present  time,  as  well  as  of  the 
presence  of  tropical  fossils  in  Paleozoic  and  even  later  geological  strata 
within  the  polar  areas,  it  seems  necessary  to  aosume  that  at  one  time 
there  was  a  very  difllerent  distribntion  of  heat  and  light  over  tbe  sur- 
face  of  the  globe  than  what  obtains  at  the  present  time.  A  uniform 
high  temperature  all  over  the  surface  of  tbe  globe  in  tbe  early  stages 
of  the  earth's  history  is  required  to  explain  these  phenomena.  lu  later 
Mcsozoic  times  a  gradual  i-ooling  at  the  poles  appears  to  have  set  in, 
and  slowly  brought  about  tbe  destrnutiou  of  a  large  uumber  of  the 
shore  and  sballow-water  animals,  especially  those  which  secreted  large 
qnantities  of  carbonate  of  lime  or  were  provided  with  pelagic  or  free- 
swimming  larvee.  This  weeding  out  of  nnnieroas  species  in  the  polar 
areas,  from  a  fanua  which  mast  have  much  resembled  tbe  coral-reef 
fauna  of  the  present  time,  accounts  for  the  relatively  small  number  of 
species  which  we  now  find  in  jralar  waters,  and,  through  lessened  com- 
petition, for  the  relatively  large  number  of  individuals  belonging  to 
some  of  these  species.  In  still  later  times,  when'  i>olar  lands  became 
covered  with  ice  and  snow  and  when  glaciers  descended  at  almost  all 
points  into  the  ocean,  sballow-water  organisms  appear  to  have  taken 
refuge  in  the  deep  sea,  and  a  migration  of  polar  animals  toward  the 
equator  was  initiated  over  the  floor  of  the  ocean.  This  may  account 
for  tbe  relatively  more  abundant  fauna  in  the  great  depths  of  tbe 
Sonlbern  Ocean,  as  indicated  by  the  Challenger's  inve!i;ligalion8;  The 
large  numbers  of  i>elagic  animals  which  arc  continually  being  killed 
through  the  mixture  of  surface  currents  of  diBereut  origins  betweeu 
latitudes  4(K>  and  ■''>0°  south,  falling  to  the  bottom,  provide  an  abundant 
supply  of  food  for  deep-sea  animals,  and  the  large  quantity  of  oxygen 
taken  down  by  descending  currents  fi-om  the  cold  surface  waters  pro- 
duces further  favorable  conditions  of  life  iu  these  great  depths. 

IndisGussingthecausesof  tbe  distribution  of  organisms  over  the  sur- 
face of  the  earth  at  the  present  time,  or  tbe  geographical  distribution  of 
fossils  iu  Paleozoic  roi^ks,  it  is  too  often  assumed  that  the  relations 

'  Mumy  and  But«ti.  Phyoulogtcal  Memoirs  from  the  Brltlab  Mnitiiun,  LodUuu, 
189S. 
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between  tbe  earth  and  the  other  members  of  the  aiilar  system  were  id 
past  times  the  same  as  we  now  find  them.  The  variation  in  the  astro- 
nomical elements  of  the  globe  is  so  small  that  they  are  regarded  u 
stable  for  the  period  covered  by  history,  bat  this  variation  assamra 
great  importance  when  tbe  periods  represented  by  geology  are  brouglit 
into  consideration. 

Lord  Kelvin  says  the  nebular  theory  of  tbe  evolntion  of  the  solar  sys- 
tem, "fonuiTed  onthenatnral  historyof  the  stellar  universe,  as  observed 
by  the  elder  Herschel  and  completed  in  details  by  the  profonud  dynan- 
ical  judgment  and  imaginative  genius  of  Laplace,  seems  converted  by 
thermodynamics  iuto  a  necessary  truth  if  we  make  no  other  nncortaiu 
assumption  tbau  that  the  materials  at  pretujnt  constitnting  the  dead 
matter  of  the  solar  system  have  existed  under  tbe  laws  of  dead  matter 
for  a  b.UDdred  million  years."  '  A  large  sun  during  the  early  stages  of 
the  earth's  history  is  therefore  a  necessary  result  of  what  is  believed  to 
have  been  tbe  genesis  of  our  system.  The  earth  is  an  extremely  small 
fragment  thrown  off  from  the  central  snn  at  one  of  its  periods  of  con- 
densation, and  by  rea-son  of  its  small  dimensions  its  stellar  phase  would 
be  comparatively  short.  On  the  other  hand,  tbe  enormoa.s  masB  of  tbe 
sun  would  cool  mncli  more  slowly,  and  its  gradual  contraction  would 
provide  an  amount  of  energy  safBcient  to  make  good  all  that  lost  in 
radiation. 

We  may  well  suppose  that  when  tbe  sou  bad  a  diameter  little  less 
than  the  diameter  of  the  orbit  of  Mercury  the  precipitation  of  water, 
geological  and  life  phenomena,  commenced  on  our  earth.'  Sacb  a 
nebulons  sun  would  radiate  for  each  unit  of  its  surface  less  heat  and 
light  than  tbe  sun  at  |iresent,  but  tbe  total  amount  of  radiant  energy 
received  by  the  earth  might  be  greater  than  that  received  at  preseDt, 
and  would  be  very  differently  distributed  over  tbe  earth's  surface. 
The  Torrid  /one  would  be  extended  on  either  side  of  tbe  eijnator  to 
the  forty -seventh  {larallel  of  lutitude.  The  seasonal  effects  profluced 
by  the  iitcltnation  of  the  earth's  axis  tu  the  ecliptic  would  be  annulled. 
There  would  be  suppression  of  a  tweuty-fonr-liour  night  about  tbe 
iwles  at  any  time  of  tbe  year.  A  cone  of  effective  solar  rays  would 
graze  the  earth  along  a  small  circle  of  tbe  sphere;  at  the  solstice  tbe 
rays  of  light  would  touch  one  ])ole  and  envelop  the  other  1o  tbe  forty- 
tblnl  parallel  of  latitude,  so  that  at  this  itusition  of  the  earth  four 
degrees  of  latitude — those  between  43'='  and  47*^ — would  have  at  the 
tbe  same  time  a  twenty- four- hour  day  and  some  portion  of  the  suu 
overhead  at  tioou.  A  sun  the  angular  diameter  of  which  is  equal  (o 
twice  the  oblii]uity  of  the  elliptic,  i.  c,  47'=>,  would  thus  produce  at  the 
poles  during  the  whole  year  an  insolation  18  per  cent  greater  than  at 

■Kelvin  "tiires  ami  Aititre>480M.  Vol.  I,  panea  4:>l-42-2.     I-oiiduD.  1f«I. 

'  "Leaf  iitlrouver,  ilaiiH  liKliamHrt'  coiiHiili^rnlile <li- 1> inBi«M> aulftin 

■a  ^p  'II  lie  IVgaliti'  ilo  cliDiat  dont  puraU  avoir  Joui  1a  tern 

I'ftu  'Vpoijiie  actuelle."    (Wolt    Lea  llypotbiaM  cosmogoui- 
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present,  tendiog  to  &  complete  nDtfonnitf  of  etwate  orcr  tb« c«nks 
sarface.'  When  we  take  into  coDsidnatioo  tbe  rScrt  of  tlt«  earth's 
atmospbere,  a  son  with  a  diameter  even  batf  tbat  berv  indit-atcd  wwU 
acoonnt  for  tlio  paleotbennic  phenonena  matle  koown  by  tbe  nvonla 
of  tlie  ]>ast  life  on  tbe  globe.  Wbeo  seeking  a  rational  exi'Luunoo  cf 
tlie  gradual  evolntiou  of  the  surface  features  of  the  glolf,  it  ia  Beees- 
sary  to  take  into  account  the  coDtemponDeoos  evolntiai  of  tbe  other 
members  of  the  solar  system,  and  eepecially  tbat  of  tbe  central  1—inary. 

■  HUndet.    BalL  Sue.  Utol.  <!•  Fnnr*.  Too.  J&  |>.  777.  !'««. 
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THE  BIOLOGIC  RELATIONS  BETWERN  PLANTS  AND  ANTS.' 


By  Dr.  Heih, 
Auoeiaie  of  ikf  Facmltg  of  Mtdicine  at  ParU. 


In  the  stady  of  Dataral  sciencee  it  ir  often  an  excellent  plan  to  begin 
by  stating  a  well-wora  truism.  To  say,  in  the  present  state  of  our 
knowledge,  that  dose  relations  exist  between  plants  and  insects  is  to 
ntter  such  a  trniSDi. 

At  the  close  of  tbo  last  century  the  wonderfnl  discoveries  of  Koel- 
renter  followed  by  those  of  Sprengel  bad  already  demonstrated  such 
relations.  It  was  upon  (be  teachings  of  tbat  genial  tbinker  tbat  was 
bailt  a  great  part  of  the  theory  of  selection  given  definitive  form  by 
the  labors  of  Darwin.  At  tbat  period,  bowever,  the  relations  between 
plants  and  insects,  even  when  viewed  by  the  light  of  evolotion,  were 
considered  almost  solely  with  regard  to  the  cross-fertilization  of  vege- 
table organisms.  The  biologic  relations  between  plunts  and  ants  have 
been  fally  examined  only  by  our  contemporaries.  Though  the  topic  is 
one  of  extraordinary  fecnndity,  it  is  but  little  known  to  the  general 
pnblic. 

Among  the  subjects  that  biology  offers  for  oor  consideration  some  are 
especially  fortunate  in  that  their  exposition  requires  no  personal  talent, 
tbeir  interest  depending  upon  a  mere  recital  of  facts.  One  of  these 
privileged  subjects  is  tbe  relations  of  plants  and  ants,  an<l  this  selfish 
consideration  has  led  me  to  choose  it  for  my  remarks. 

As  a  preliminary  to  tbe  study  of  the  relations  of  ants  to  living  vege- 
table forms  it  will  be  well  to  rapidly  examine  tbe  organs  tbat  insects 
use  in  establishing  such  relations.  We  need  not  dwell  ui>on  tbeir  legs, 
nbicb  are  very  movable  and  constructed  upon  the  general  plan  of  the 
legs  of  insects.  The  claws  tbat  terminate  them  are  used  by  ants  in 
clinging  to  rough  surfaces, in  serat4;hingtlieground,iiireJevtiugrefuBe, 
in  holding  food.  Between  tbe  claws  are  found  very  delicate  orgiins, 
the  pnlviUi,  by  whose  aid  tbe  insect  can  cling  to  smnotb  surfaces, 
whether  vertical  or  horizontal,  agaiunt  tbe  force  of  gravity,  by 
means  of  an  oily  secretion  that  causes  tbe  foot  to  adhere  by  capillary 

'Translated  ftom  tbe  Compte  Rendu  (le  la  24iu«  SeM.  de  I'Auociktion  Franc*!*^ 
ponr  l'A.TaBO«mant  dea  SoiencM,  1680,  pi^mifere  partie,  pp.  31-Tfi. 
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attractiou.  UpoD  tlie  head  of  an  ant  are  bortie  sense  organs— com- 
poand  and  simple  eyes,  organs  apparently  olfactory  in  character, 
antennfe,  and  buccal  organs.  On  either  side  of  the  buccal  opening  are 
two  large  chitjiious  pieces,  triangalar  in  shape,  articulated  so  that  they 
can  be  moved  apart  or  toward  each  other  in  a  horizontal  direction  like 
thetwo  jaws  of  a  pinchers,  the  surfaces  in  cootact  being  usually  cnt  like 
a  saw.  These  mandibles  have  a  most  important  office,  serving  both  as 
a  weajKtu  and  as  a  tool.  They  are,  in  fact,  used  as  scissors  for  catting, 
as  pinchers  for  dragging  or  tearing,  as  a  trowel  is  in  tem]>eriiig  and  lay- 
ing OD  mortar,  as  a  shovel  for  removing  excavated  matter.  It  might 
almost  be  said  that  the  only  use  for  which  they  are  absolutely  unfitted 
is  that  of  mastication  of  food.  Below  and  l>ehind  them  are  found  the 
masillie,  formed  by  three  coarticulated  pieces,  movable,  membranous 
in  character,  bearing  on  their  surfaces  several  rows  of  hairs  and  gus- 
tatory papilhe.  Like  the  mandibles,  they  can  not  serve  in  niastication, 
hut  they  assist  the  lips  and  the  palpi  iu  the  recognition  and  seizure  of 
food.  The  maxillie  bear  the  ma.\illary  palpi,  composed  of  from  oue  to 
six  pieces,  organs  especially  tat^tile.  The  labrum,  usually  coucealed 
under  the  epistoma,  forma  the  anterior  wall  of  the  buccal  opening.  It 
is  a  flattened  piece  of  variable  form,  often  bilobate,  capable  of  move 
meiit  fVom  behind  forward  in  a  horizontal  plane.  The  lower  li]i  forms 
the  floor  of  the  mouth  and  carries  the  li^ula,  an  extensible  piece  which, 
because  of  its  mobility,  may  be  used  for  lapping  or  licking  up  fluids. 
The  rows  of  gustatory  papilla'  that  it  carries  in  front  and  behind  are 
the  principal  seat  of  the  sense  of  taste.  On  each  side  of  the  lower  lip 
are  inserted  the  labial  palpi,  usually  smaller  than  the  maxillary  |>alpi, 
formed  of  from  one  to  four  pieces.  Tliese  also  are  tactile  organs. 
According  to  Forel  the  mandibles  are  never  used  for  eating.  The  most 
attentive  observations  confirm  this,  an<l  the  disproportion  between  the 
mandibles  and  the  maxillie  makes  it  evident.  The  mandibles  remain 
closed  and  immovable  while  the  ant  is  eating.  The  mouth  is  usaally 
closed  by  the  labrum,  which  is  turned  over  it,  downward  and  backward, 
covering  entirely  the  anterior  part  of  the  maxilla;  and  of  the  lower  lip. 
When  the  ant  wishes  to  eat  it  inHkes  a  complex  movement  of  the 
pharynx  which  pushe-s  forward  the  ligula,  together  with  the  neighbor- 
ing parts,  raising  the  labrum  like  a  lid.  The  maxillie  are  too  short  and 
too  weak  to  crusli  a  solid;  they  can  only  draw  into  the  mouth  a  liquid 
or  semisolid.  It  is  the  ligiiia  or  tongue  which  is  most  used  by  ants 
when  they  eat,  and,  according  to  the  apt  expression  of  Lespt^s,  they 
use  it  as  a  dog  does  when  he  laps.  When  the  ants  are  dealing  with  a 
solid  body  inclosing  a  liquid  they  first  tear  it  with  their  mandibles  and 
then  lap  up  its  contents.  The  hnccal  ajiparatus  can,  then,  be  nsed  for 
scraping,  cutting,  and  lick-i- 
Mention  should  be  ma*  itus  for  the  production  of  venom. 

>4  is  situated  on  the  ]  f  the  abdomen  and,  as  we  shall 

%ner  see,  may  rend<  friends  of  our  insects,  c 
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indirect  eervices.  Its  esBential  parts  are  a  double,  paired  gland  and  a 
single  unpaired  gland,  there  being  secreted  by  one  of  tliese,  as  is  prob- 
ably thti  case  with  all  the  hymeuoptera,  an  acid  liquid,  while  the  isecre- 
tioii  of  the  other  is  alkaline.  From  the  Admixture  uf  thc^seiti  formed  a 
true  acid  venom  whose  irritating  property  is  i»artly  tlue  to  the  pres- 
ence of  formic  acid.  This  venom  is  discharged  into  an  inocitlating 
apparatus  developed  in  a  greater  or  less  degree  in  dift'erent  species. 
The  pain  produced  by  the  bite  of  indigenous  species  of  ants  is  but  slight, 
bat  exotic  species  may  cause  sufl'ering  of  consideniblo  intensity  and 
duration. 

This  rapid  review  of  the  external  organization  of  ants  will  enable  us 
to  account  for  various  relations  that  exist  between  them  and  the  vege- 
table world. 

The  tlrst  relations  between  ants  and  vegetables  have  undoubtedly 
been  those  of  the  eat«rs  and  the  eaten.  There  are  in  fact  quite  a  num- 
ber of  species  of  ants  that  obtain  their  foml  (H>ni  living  vegetables.  Of 
these  the  most  celebrated,  and  justly  so,  are  the  harvester  antN,  Their 
habits  were  known  iu  the  most  ancient  times.  "The  ant,"  says  Solo- 
mon (Prov.  vi,  8),  "provideth  her  meat  in  the  summer  and  gathereth 
her  food  in  the  harvest."  Aelian,  an  author  of  the  third  century  of  our 
era,  not  only  notes  their  gathering  of  seeils,  but  describes-  the  means 
employed  by  them  to  keep  their  grains  from  dampness  and  their  way 
of  preventing  germination  by  boring  through  the  germ  outside  of  the 
seed.  An  Arabic  book  of  the  seventh  century  says,  in  speaking  of  auts: 
"They  store  up  wheat  for  food  and  dry  it  in  the  sun.  If  they  fear  that 
the  grain  may  germinate  they  take  away  its  ball,  cutting  it  in  two 
fragments.  If  we  reflect  we  will  be  convinced  that  the  ant  is  an  intel- 
ligent insect."  Montaigne,  who  lived  in  the  south  of  France  »nd  had 
traveled  in  Italy,  was  iicqtiainted  with  the  habits  of  the  harvester  ants, 
which  he  describes  with  great  precision.  "They  spread,"  says  he,  "iu 
theopeuair  their  grains  and  seeds  to  aerate,  freshen  and  dry  them,  when 
they  see  that  they  are  getting  moist  and  smelling  moldy,  for  fear  that 
they  may  become  corrupt  and  rotten.  But  the  caution  and  foresight 
that  they  use  in  dealing  with  barley  grains  surpasses  all  tliiit  human 
prudence  could  imagine.  For  fear  lest  the  grain  sprout  and  lose  its 
qualities  and  properties  as  a  store  of  fowl,  they  gnaw  the  end  of  it 
where  the  germ  is  wont  to  appear." 

These  data,  collected  by  the  old  authors,  have,  however,  been  contro- 
verted by  recent  authorities — Swammerdam,  Buftbn,  Latreille,  and, 
above  all,  P.  Huber,  the  great  observer  of  ants — and  it  was  not  nntil 
i^cently  that  Lesp^  and  Moggridge  clearly  provetl  the  industrious 
habits  of  the  harvester  ants. 

The  two  principal  species  of  harvester  ants,  Aphanogaster  [Atia) 
■frvctorand  A.  barbarn,  are  rare  in  the  north,  quite  common  in  central 
Europe,  and  abundant  on  the  shores  of  the  Mediterranean.  The  work- 
ers are  remarkable  lor  their  differences  iu  height  and  appearance.    They 
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pass  by  inseuBible  gradations  to  a  form  with  an  enorroons  bead — a  sol- 
dier. The  description  *f  tbeir  method  of  harveatiug  and  preserviof 
tbe  grain  we  tunst  borrow  JVom  Moggridge,  that  aciit«  ob»erver,  who,  at 
32  yeare  of  age, being  forced  by  phthisis  to  aeek  a  climate  less  inclem- 
ent than  that  of  England,  employed  his  latest  strength  in  stadying  the 
ants  of  tbe  neighborhood  uf  Mentone. 

Often  upon  unonltivated  lands,  there  called  the  garrigne-s  are  seen 
long  trains  of  ants  forming  two  contiimons  lines  bnrrying  in  opposite 
directions,  one  going  away  from  tbe  nest,  tbe  other  toward  it.  The  latr 
ter  is  laden  with  seed  or  capsules  that  tbe  ants  are  carrying  to  their 
bill. 

These  files  of  foraging  ants  sometimes  range  to  a  considerable  distaoee 
from  the  nest,  seeking  tbe  seeds  of  grasses,  peas,  and  other  plants  of 
the  garrigues.  They  collect  not  only  ripe  seeds,  but  also  understand 
how  to  detach  from  the  plants  green  fruits.  Thus  we  may  see  an  ant 
climbing  along  the  stem  of  a  shepherds-purse  {Capgella  bursa -patiorit) 
and,  choosing  a  green  pod,  disdaining  the  riper  ones  which  let  fall  their 
seeds  at  the  least  tonch,  seize  the  peduncle  of  the  capsule  between  its 
mandibles  and,  filing  its  bind  legs  firmly  as  a  pivot,  twist  the  peduncle 
ronud  and  round  until  it  is  broken  off.  Then,  laden  with  this  burden, 
it  descends,  backing  and  turning  as  its  load  demands,  down  around  the 
stem  to  reach  its  nest.  In  the  same  manner  are  gathered  tbe  capsules 
of  chickweed  {AUine  media)  and  the  nutlets  of  little  labiates  such  as 
Calamintha, 

We  may  frequently  see  two  ants  combine  for  the  purpose  of  breaking 
tlie  peduncle  of  a  capsule.  While  one  Is  gnawing  the  peduncle  the 
other  will  twist  it  off;  but  it  seems  that  their  mandibles  are  never 
strong  enough  to  sever  the  peduncle  by  cutting  alone.  If  grains  of 
bempseed,  millet,  and  oats  are  scattered  in  the  neighborhood  of  tbe 
nest  of  tbe  harvester  ants,  the  inaectahasten  to  carry  them  off,  although 
those  seeds  are  heavy  burdens  for  them.  But  it  often  happens  that 
they  are  deceived  as  to  the  quality  of  the  articles  they  drag  to  their  nest. 
Thus  they  may  carry  off  objects  not  suitable  for  food;  shells,  bits  of 
wood,  il'agments  of  leaves.  If  little  procelain  beads  are  scattered  along 
the  path  of  a  harvesting  train  the  anta  will  carry  them  toward  their 
nest.  They  soon  perceive  their  error,  however,  for  after  an  hour  of  this 
fruitless  labor  they  pass  by  their  false  treasures  indifferent  to  them. 

The  seeds  of  a  species  of  fumitory  {Funiaria  capreolaUi)  are  gathered 
by  these  harvesters.  Now,  beside  this  plant,  there  fall  to  the  ground 
little  galls  inhabited  by  a  small  cynipid  insect.  Deceived  by  the  resem- 
blance between  these  galls  and  the  seeds  of  the  plant,  tbe  ants  add 
them  to  their  store,  quite  convinced  that  they  are  really  seeds.  What 
is  the  fate  of  tlie  inhabitants  of  these  gallsT  Is  there  not  here  to  be 
solved  an  interesting  problem  involving  mimicry  of  parasitic  originf 

The  situation  of  the  nests  of  the  Atta  barbara  is  often  indicated  by 
presence  of  a  number  of  plants  that  grow  around  out  of  the  refuse 
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accumulated  by  the  ants.  These  are,  in  fact,  to  be  considered  as  weeds 
of  onltivatioD  and  strangers  to  tbe  lavender  aod  cistas  covered  banks 
of  the  garrigne,  beiu^  plants  sprung  from  eeeds  that  tbe  auts  have 
bronghtand  abnodoned  for  some  anknown  canse.  The  plants  tbns 
transported  belong  to  the  foltoviog  classes:  Veronicas,  fumitories,  oats, 
a  nettle  ( Urtica  membraitacea),  bird  chickweed,  wild  marigold  ( Caiendnla 
arven«ia),  snapdragon  {Antirrhinum  majut),  a  flax  (lAnaria  Bimpl^, 
watercress  {Gardamine  hirxula),  and  goo«e  foot. 

Quito  frequently  these  plants  are  found  along  the  sides  of  minatore 
gnllies  or  crevices  hollowed  in  the  rock  where  their  seeds  have  been 
washed  by  the  rain  and  there  germinate.  Thus  these  interlopers  have 
been  drawn  into  com|>etition  with  tbe  primitive  occupiersof  tbe  ground; 
they  accompany  tbe  ants  as  tbe  plants  of  our  harvests  accompany  man. 
The  ants  serve  indirectly  in  their  disBemination,  using,  indeed,  part  of 
them  for  food,  but  yet  assisting  in  the  propagation  of  tbe  species.  As 
soon  as  the  harvested  seedsarebronghtnear  to  the  nest,  some  hundreds 
of  workers  are  employed  in  separating  them  from  tbe  husks  while  others 
store  them  away  in  the  depths  of  tbe  ant  hill.  Tbe  refuse  is  dragged 
oat  of  tbe  nest,  in  tbe  immediate  vicinity  of  which  are  found  heaps  of 
debris  formed  of  bite  of  straw,  pods,  and  empty  capsules. 

The  nest  is  simply  hollowed  out  in  tbe  soil,  but  it  seems  that  some- 
times the  ants  know  how  to  appropriate  the  work  of  certain  beetles. 
Moggridge  has,  in  fact,  seen  in  one  of  tbe  nests  a  cavity  covered  over 
by  a  spherical  dome  having  walls  of  hardened  earth  closed  at  the  bot- 
tom, there  being  a  large  circular  opening  at  tbe  top  and  a  smaller  one 
below.  This  appears  to  be  a  dome  constructed  by  a  beetle  and  used 
by  tbe  ants  for  storage  purposes. 

The  floor  of  these  grain  cellars  is  well  cemented.  The  rooms  differ 
in  size,  being  on  an  average  as  large  as  a  good-sized  watoh.  Each 
of  these  rooms  contains  about  li  grams  of  seed.  A  nest  made  up  of 
from  80  to  100  rooms  may  contain  a  imund  or  more  of  seeds  belonging 
to  different  plante.  The  majority  of  these  are,  however,  from  culti- 
vated grasses,  especially  Tragus  raeemosua.  These  are  evidently  pre- 
ferred because  of  their  richness  in  alimentary  principles. 

Especially  interesting  are  the  means  employed  by  the  ants  to  pre- 
vent the  germination  of  seeds.  In  examining  21  neste  Moggridge 
Jbund,  among  some  thousands  of  seeds,  but  very  few  that  bad  germi- 
nated; these  were,  nevertheless,  attacked  by  the  ante,  who  attem])ted 
to  mutilate  them  in  order  to  stop  their  germination.  This  arrest  of 
germination  caused  by  the  intervention  of  the  ants  is  unquestionable, 
but  we  have  not  yet  discovered  tbe  exact  means  by  which  it  is  effected. 
In  isolated  or  abandoned  [tortions  of  tbe  nest  the  seeds  sprout  and 
develop  iu  the  granaries,  and  if  the  ants  are  prevented  from  penetrat- 
ing into  one  of  these  the  seeds  germinate  there  normally.  It  has  been 
stirmiaed  that  the  ants  could  pievent  germination  by  closing,  with  a 
gelatinous  substance,  the  micropyle  of  the  seed,  through  which  it  was 
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supposed  that  moistare  penetrated  to  the  interior  of  the  graio.  Thii 
hypothesis  is,  however,  very  doubtful.  When  the  seed  became  onffi- 
ciently  softened  and  ready  to  germinate,  it  was  thoaght  that  the  ants 
raised  the  inicropylar  seal  and  germiuation  ensaed.  Since  a  more 
advanced  growth,  says  Moggridge,  would  alter  the  nutritive  qualities 
of  their  store,  they  hasten  to  gnaw  off  the  tip  of  the  radicle.  Having 
efiecte<l  this  mutilation,  they  dry  the  seeds  in  the  snn,  then  store  them 
np  anew.  If  by  cbaoce  the  s^eds  are  moistened  by  rain,  they  are  dried 
in  the  same  way. 

When  the  entire  grain  becomes  soft  and  swollen,  the  ants  devonr  its 
soft  parts,  which  are  charged  with  saccharine  substances,  of  which  tbey 
are  very  fond,  and  which  serve  to  nourish  their  larvre.  The  envelopes, 
in  the  form  of  bran,  are  rejected  and  carried  oatsido  to  the  robbieh 
heap. 

The  ants  then  know  bow  to  malt  the  seeil  of  graminaceous  plants, 
obtaining  real  malt  as  our  brewers  do.  We  need  not  discuss  bere 
whether  tbey  parsne  this  industry  by  instinct  alone  or  whether  they 
have  acquired  their  skill  by  experience. 

By  using  artificiallight  Moggridge  was  able  to  see  how  the  ants  gnaw 
the  seed.  One  of  them  grasps  firmly  a  portion  of  the  farinaceous  albu- 
men while  two  or  three  others  attack  the  seed  with  their  mandibles, 
feed  npon  it,  aud  finally  yield  their  places  to  others.  Thus  we  see  that, 
nnlike  other  ants  that  are  nourished  only  by  soft  or  liquid  substances, 
the  harvester  ants  attack  solid  substances,  rejecting,  however,  those 
seeds  which  have  never  been  softened,  aud  attacking  only  those  which 
have  been  dried  after  having  begun  to  germinate.  The  hard  envelope  of 
hemp  aud  similar  seeds  generally  resists  the  attack  of  the  ants,  bo  that 
these  insects  wait  until  these  envelopes  are  softened  and  burst  by  ger- 
mination before  they  devour  the  oily  contents.  Although  the  baccal 
apparatus  of  ants  is  not  suitable  for  the  mastication  of  hard  bodies,  it 
answers  i>erfectly  well,  when  assisted  by  the  hard,  toothed  mandible,  for 
scraping  or  scratching  small  particles  of  farinaceous  matter. 

These  ants  have  also  carnivoroas  habits,  and  frequently  pillage  neigh- 
boring nests,  but  a  consideration  of  this  would  take  us  too  far  from  our 
topic.  Harvester  ants  exist  also  in  tlie  Tropics.  As  early  as  the  first 
of  this  century  Sykes,  and  then  Gordon,  noted  in  India  a  harvester  anC 
{Pkeidole  providens). 

Certain  ants  are  not  only  harvesters,  they  are  also  farmers.  Tbese 
American  species  of  the  genus  Pogonomyrmex  were  stndied  throughout 
ten  consecutive  years  by  Dr.  Linoecum  and  his  daughter.  The  observa- 
tions of  those  skillful  observers  have  been  published  by  Darwin.  Tbese 
large,  brown  ants  bore  a  hole  in  the  ground,  about  whicli  tbey  heap  np 
earth  to  a  height  of  from  3  to  6  inches,  forming  a  low,  circular  mound, 
rising  by  a  gentle  declivity  from  its  center  to  its  outer  border.  If,  how- 
ever, the  ant  is  building  in  low,  fiat,  wet  land,  subject  to  inundation,  it 
'^tes  the  mound  like  a  pointed  cone  to  a  height  of  IS  or  20  incbw 
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more,  and  makes  the  entrance  near  the  snmmit — n  tvise  precantion  that 
is  also  shown  in  the  location  of  their  nesta,  which  sire  i)lac«(t  heyond 
danger  from  inuudHtions. 

The  anta  then  destroy  the  herbage  entirely  aroand  the  mound,  level- 
ing tbe  surface  for  3  or  1  feet  all  about  the  near.  Within  this  sort  of 
paved  area  no  growth  is  tolerated  except  that  of  a  species  of  grass 
(Aristida  stricta).  This  plant  is  sown  all  about  the  uest,  while  other 
plants  that  start  ap  in  the  vicinity  are  pitilessly  gnawed.  The  grass, 
tbns  aided  in  its  struggle  for  existence,  gives  an  abundant  harvest  of 
small,  white,  flinty  seeds  quite  similar  to  rice  (ant  rice).  The  plant  is 
harvested  a  little  before  maturity,  bundled  up  and  carried  into  the  nest. 
There  the  grain  is  separated  from  the  husk,  which  is  thrown  out  heyood 
the  paved  area.  If  the  ants  are  surprised  by  an  early  setting  in  of  the 
rainy  season,  their  stores  may  be  dampened.  They  then  dry  them  in 
the  sua,  preserve  the  sound  grains  and  store  them  anew. 

Liucecum  and  Darwin  thought  there  was  no  doubt  hot  that  this 
speeies  of  grass  was  planted  designedly.  McCook  aflirms,  however, 
that  it  is  not  sown  by  the  ants  tliemselves,  these  insects  merely  pre- 
venting any  other  species  of  plant  from  growing  around  their  uest.  In 
autumn,  after  the  harvest,  the  paved  area  is  abandoned  until  the  ensu- 
ing autumn,  when  the  grass  again  springs  up,  ap[>enring  about tlie ani> 
bill  ill  the  same  ring-like  form,  and  is  cared  for  by  the  auts  in  the  same 
manner. 

Mrs.  Treat  and  McUook  have  also  studied  with  the  greatest  care  other 
apecies  of  Pogonomyrmex  in  Tesas  (/'.  crudelin  and  P.  oeeidentalis) 
having  similar  habits.    One  of  these  collects  the  fruits  of  Gompositie. 

"We  see  already  by  these  esamjdes  that  the  vegetarian  auts  may, 
notwithstanding  the  ravages  they  commit  upon  certain  plants,  yet  aid 
to  a  certain  extent  in  their  dissemination.  Tbe  loss  of  a  considerable 
quantity  of  seeds  is  compensated  for  by  the  dissemination  of  those 
which,  among  the  number  collected,  are  necessarily  overlooked  by  the 
ants.  The  insects,  especially  the  agricultural  ants,  manifestly  aid  the 
plants  of  their  choice  in  their  struggle  with  the  neighboring  si^eciet* 
whose  physicocheuiical  requirements  are  the  same.  Certain  tropical 
plants  make  use  of  agricultural  ants  for  the  dissemination  of  their  seeds; 
bat,  far  fVom  furnishiug  an  ahment  in  return,  they  deceive  their  assist- 
ants by  the  resemblance  of  their  seeds  to  those  of  plants  they  are  in  the 
habit  of  gathering. 

Sometimes,  also,  the  insect  is  led  into  error  by  the  resemblance  of 
seeds  to  the  nymphal  cocoons  (vuljio,  egg)  of  the  ants.  It  is  trne  thsit 
the  ants  find  under  the  leaves  of  these  plants  a  saccharine  liquid  of 
which  they  are  very  fond.  An  inatiuice  of  this  is  our  common  Mtlaui- 
pyrum pratense,  that  often  grows  in  tbe  middle  of  ant-hills.  Its  dehis- 
cent capsule  contains  a  single  see<I,  smooth  and  white,  bearing  a  most 
deceptive  resemblance  to  the  cocoons  inclosing  the  nympha'.  The 
ants  are  deceived  by  this  appearance,  and  bury  these  seeds  with  the 
SM  96 27 
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enniu  cnre  with  which  they  conceal  their  cocoons.  These  facts  liave 
resulted  fVoni  the  researches  of  a  Swedish  botanist  and  a  myrmecolo- 
gist,  Lundstroin  and  Adier.  By  reasou  of  the  long  tigellns  that  carries 
the  cotyledann,  the  Melamp^um  U  well  adapted  fur  germinating  under 
stones.  The  Assistance  of  the  ants  gives  it  easy  commaDd  of  this  habi- 
tat wbich  other  plants  are  niiable  to  dispute.  Tlie  resemblance  of  the 
seed  of  the  Melampynim  to  the  cocoon  extends  not  only  to  form  and 
culur,  bnt  also  to  odor,  the  seed  emitting  an  aiitlike  smell. 

Thrmighoiit  central  South  America  there  exists  a  leaf-cattiug  w 
visiting  ant,  also  calletl  the  parasol  ant,  and  kuon-n  by  the  native  as 
the  SHiilHt,  It  isthe  (Fcodoma  it-pkaloleg.  These  ants  construct  in  woods 
and  planliittons  quite  extensive  dome  shaiied  habitations.  The  domes 
I'ornt  the  ixM>f  of  a  uest  that  has  jtassages  extending  far  away  into  the 
ground  and  pn>vide<l  with  numerous  entrances,  usually  closed.  These 
ants  excavate  long  gullerie^.  in  which  they  accumulate  masses,  rela 
lively  enormous  of  fragments  of  leaves  that  they  have  cut  from  trees. 
If  an  ant-hill  has  been  inhabited  by  a  single  colony  for  some  years,  it 
may  luijuire  very  considerable  dimensions.  The  actiriiy  of  the»e  ants 
is  so  gn.>at  that  they  have  been  seen  to  )kass  and  rei>ass  auder  a  liver  a 
(|uarter  of  a  mile  wide.  The  earth  from  their  digging  is  spread  ontside 
and  forms  a  talus  more  than  4U  feet  in  circumference  and  from  1  to  3 
f)<cl  high. 

The  workers  of  this  S)»et'ies  are  of  three  orders.  The  main  boily  is 
finnteti  by  a  sni nil  sized  order  of  wmken^  with  small  besids.  The  large 
wurki-rs  aie  of  two  kinds,  one  having  a  smooth,  polished  beatl,  with 
wvUi  ui-on  the  vortex:  the  other  sutiterr.tueao.  having  no  ocelli,  and, 
a»>-»>r»iuig  to  Rues,  ftiltilliua.  in  t!:e  df!»ths  of  the  colony,  some 
unknonu  luin-lion:  whether  they  are  stOIiers  isdoiiblfiiL 

Tl;esii;;»;i  workers  and  the  l.inre  u.-rkers  wi;hsmi.ioth.  jiolished  beads 
;irv  *  tv.d  s*vi:r!;e  to  vsiltivasorsv  e*i>e».-:j;iy  ravaging  ntfev  aud  orange 
f;,Ki;at;o:is.  T.:e  ■s;i!an  workers  i-:::-.:"«  k:>>3  the  trvecSs  staml  ou  the 
(Vs^x-  o!"  a  le,i:"  .i-  d.  by  me.t;;s  of  t'.u- r  tix»:l:r<i  aumuibles.  ctit  frma  it  a 
*«"-M-.„tr  i>-»'\'^-\^\  v.^;  o-"y  t:-e  '..ir-o?  :  trvurx's,  A>iBarterof  an  hour 
s;:  '\vs  :or  :'  e  >':yr.i;;.';'.,  d.:r::i;  »:\Vt  -u^j  i:<e  tLtir  hiiMl  fe-t  as  a 
«x-  :e.-  -»v.  !•«■■:  of  s::-'v::.  \\  '-»:■.  :I.e  sec:;,'\  »  De^uly  iTiisbed  the 
A-  ;  :s*'  ("s  :V  vixv  '.*:we«:i  l,:s  =.-.:n  lLV:*  ±-.l.  by  a  eJtarp  jerk, 
.^:J^  ■«■*  ;.  1!«;  :',.■•.  .■Ust.>v.",s.c.;r7\  :  ^  ll-'-  .,.:  K;>r:^_t.  rj^MMrtutcs 
;  ^  s.:— '  -.-i  ;•  s  :.i-i  ",  V  dT',"  ;   v^  L  >  ;.v  y  to  :"-r   Jo^H  of  tbe  tree, 

"\^".^r.  ■';j:  ■:  Vj:  v.x  ;•.  «  vr  =-,  -vi."  Si*>--s  F:":rc->cl  -■■••«■«»■  see 
iv'  — ,  -  s  ,;"  ;"  \-:-»f  ::v\  .-v^:.;  v*  :-  o  -  >ti;  3.  ^sswi?^  w::i»  ;ije-ir  green 
N    '■.  -v.x  j(,o\v   ::     r  ^■j-.-.is.  V.  i    .;  "  x-  ji ■■  e--v''— ■.■«>  gt«*c  $«fpeat 

■   *:^     ;   v.  ■>  -  '  "'  >"  ■■.  =-*"*  scr-i  -i  by  ;^  fact  tkai 
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rouds  wliirb  extend  to  tlieir  uesta.  Tbese  are  trodden  night  nnd  day 
by  thousands  of  vrorkers,  aud  «ooii  become  smooth  and  bare,  resembling 
the  tracks  of  a  curt  wheel  passing  tlirougli  the  herbage.  Tlie  severed 
grass  is  thrown  ont  on  the  sides  of  tbo  road. 

The  voracity  of  the  (Ecodomaa  is  such  that,  in  the  countries  tliey 
infest,  it  is  almost  impossible  to  naturalize  certaiii  trees,  such  as  citron 
and  orange  trees.  Lund  states  that,  when  on  a  voyage  of  exploration 
in  Brazil,  he  wns  very  mncb  astonished  to  ht*ar,  during  calm  weather, 
a  noise  like  rain,  caused  by  leaves  falling  to  tbe  ground.  Ue  was 
standing  under  a  laurel  tree  12  feet  high,  having  coriaceous  leaves 
wbicb  were  detached,  although  having  their  nntural  green  color,  thus 
having  no  resemblance  to  diseased  leaves.  He  ^w  then  that  each 
petiole  had  upon,  it  an  ant  that  was  trying  to  cut  it  off.  Each  leaf 
severed  and  tbrown  to  the  groucid  was  seized  by  the  (Kcodoma»,  who 
immediately  cut  it  up  and  carried  the  fragments  to  their  nest.  In  less 
than  an  hour  the  tree  was  stripped  aud  resembled  a  gigantic  broom. 

Did  Lund  meet  with  some  other  species  of  IKcodoma  than  the  <Eco- 
doma  eephalotcsf  If  not,  the  ants  know  how  to  modify  tbeir  metho<l  of 
harvesting,  sometimes  cutting  round  pieces  out  ol  leaves  still  attached 
by  their  petioles,  sometimes  cutting  tbe  petiole  directly  through.  The 
leaves  are  taken  into  the  ant-bill  in  a  condition  neither  too  dry  nor  too 
moist.  If  they  are  too  moist  they  are  dried  near  tbe  entrance,  aud,  if 
niin  continues,  linally  abandoned.  If  the  weather  is  too  dry  the  leaves 
iire  gathered  only  at  night.  By  tbe  opening  or  closing  of  certain  gal- 
leries a  suitable  ventilation  is  also  kept  up.  In  order  to  facilitate  this 
their  hills  are  never  located  in  tbe  interior  of  forests,  where  the  air  does 
not  circulate  well,  but  on  the  edge  of  clearings. 

Of  what  use  can  these  harvested  leaves  be  to  the  ants!  Various 
hypotheses  have  been  proposed  on  this  subject.  The  most  probable 
\»  that  of  Belt,  who  supposes  that  they  are  used  to  make  a  real  compost 
on  which  small  mushrooms  grow,  that  serve  the  ants  for  foo<l.  If, 
indeed,  we  open  an  ant  hill  we  do  not  sec  there  any  leaves,  but  find 
in  many  communicating  chambers  a  brown  fiooculent  matter,  in  the 
midst  of  which  are  found  ants  much  smaller  than  the  leaf-cutting 
workers,  together  with  larva',  and  pupa. 

These  little  ants  sometimes  go  out  of  the  nest  and  follow  the  paths 
traversed  by  the  workers;  but  they  never  carry  anything,  aud  are  even 
themselves  carried  back  again  by  tlie  workers,  seated  u|mhi  the  round 
pieces  of  leaves  trans]>ortcd  by  tbe  latter.  There  is  apparently  assigned 
to  them  the  task  of  reducing  to  small  fragments  the  leaves  bniaglit 
into  the  nest,  and  they  work  only  in  the  depths  of  the  colony. 

It  is  not  only  leaves  that  are  used  by  the  ants  to  make  tbeir  comimst, 
bat  certain  liowers  belonging  to  plants  the  leaves  of  which  they  do  not 
attack,and  tbe  inner  white  rind  of  oranges.  Like  the  harvester  ants  of 
our  own  country,  they  sometimes  carry  in  by  mistake  useless  materials, 
bat  they  soon  discover  this  and  drag  tbem  outside.  ^ 
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Tim-   'J^-votimtot  st»  wn  im-  mitr  aniF  ikst  aOeanirt  lite  rairiiig  of 

U-iii^  uu^>n.  U'  tuf  it«is.  BTf  TuTL  o}'  liud  mirtinTn'  nil  ttey  have  tbe 
aj>>MairMitw  i>f  k  k^ouc?  pniT  mimr  In  xhk  msfls  time  devdope  the 
ui.weijutt:  t<f  ai  ^»rn  Xii'Jer..  vuktIi  ftnae  onall  irhitr  Brasses  -'Eke 
t»u:-tit'v«  iMMb.~  um-  ]>ruicii>^  fnod  of  ibe  anu. 

^'«  ii»\¥  iHiv  nd'S'mc  \K-  -LLTv*:  smdt  tff  uoctiiat  lire  at  the  expense 
i/^  >'iMi:i^  Htid  vjittM-  oefin^iiuintf  if  vf  disregard  t^  benefit  from  the 
<;.M>*iiiL,u»'Lt'.>ii  uf  Mwa^  i-T  ute  iitimsbev  aad  veJuetf^  are  injarioDa  to 
M.>-ii  )-i;iiiit-.  J'  j&  u«ertil;>re.  viti  Ktir|iT-:siag  to  fiad  in  Baay  vegeuUes 
tt^jty-'Dii  Gi:-!fi!K:v*  jtrv'>-ihi<tufr  Baot-  apaiaia  ibe  rarages  of  ante.  It 
i^iH^u^c  t>«  i>-x«d  TUMI  ilut'  {irvrituitD  i«  d<4  always  pude  afrainst  the 
iu,'tr  u^tutr.  but  iu  a  snMTkl  var  a^ m^ius  in.iarkiDS  a^rferoos  insects. 

W«  uai>-  »«esi  tiuit  tK-njiis  ii^rr^iaerE  atxaci  Ae  frnite  of  the  Com- 
jy/«;t>-.  Wtf  l.'L.d.a'.>'or<::u;:]T,  TJiat  certaui  trpical  farms  in  this  famOy 
huTHttimi  tlMri!  ii.tl'^r««t-[.«;*i'li  a  permardl«Y«?u- ^.friM.  Ilieexaniple 
ofiW  i..atl;u4^  tlii'^tk  sL.tw-etiutTtTTcleaHj-.  l*e  ^Descent  bractBof 
t\if.  imolu'rn;  (unu.a«  iu  nianr  iliic^rles.  an  iDfamMMiB table  hedge.  The 
h*-'dtif  i/f  the  ixuiaarj  htive  an  iuTola<.Te  SBiroonded  aith  little  carved 
»i^JI>N(,  the  rent  ufthe  plant  beiii?  smooth. 

Al  ijntUiiu  timtM  of  the  year  a  notnber  of  plants  excrete  from  the 
cm  tat*:*  u(  tht^ir  leaveit  a  Hugaiy  liijoid.  This  U  the  case  vith  the  oak, 
H  If/^e  ItfavKH  »rt?  in  Hjiriug  covered  with  '  hooey  dev.^  This  escretiun 
in  fJniutiU-A  with  the  growth  of  the  phint,  and  is  caosed,  according  to 
vaiuuM  Miithorx,  by  retarded  traoispi ration.  IhimitiTely  it  mast  hare 
Im-ii  Ii  toUil  lofiM  to  the  vegetable  economy,  bat  little  by  little  the  plant 
hHN  \H-f4>int:  f.ti'Ah\fA\  to  utilize  it.  Varioag  stinging  hymenoptera,  Bach 
it»  \>f*-M  Mill  ttiitH,  vj»jt  the  leaves  to  gather  this  honey  dew.  There  is 
iiif  d'fiiht  but  that  phytophagons  animals  can  not  approach  a  plant 
lliiiM  fitvi-.rvA  with  venomouft  insects  without  exposing  themselves  to 
iiiiiii"i((iiHHLiii{(H>  Hence  there  is,  in  exchange  for  Ibod,  a  real  protection 
oir»i(-il  by  th«  himvXn. 

Ill  lliii  rxHit  (if  thti  link  the  production  of  the  heney  dew  is  not  local- 
f/i-il,  iHit.  imlnndHdvttr  the  whole  surface  of  the  leaf.  Bat  in  the  case  of 
MiiiimiilJiKt'  iiliiritt  the  pniduutiou  is  localized  at  certain  special  points 
iif  iJjii  liiiiC  whlirh  tliiiH  become  true  nectar  glands,  foliary  or  extra- 
lliii'iil  iiet'lurleH,  uUo  culled  exirauuptial  nectaries,  since  tbey  in  do 
wiiy  Kniili'Jhiittt  til  tlio  I'crtiliitntiDii  by  insects.  The  production  of  the 
hoiioy  ilnw  lit  lh('w^  N|ieciall/.ed  places  is  less  sbandant,  but  is  more 
<>iiiiHtuiil  tliiiit  when  it  c\loMds  over  the  entire  surface  of  the  leaf 
Hhihhi  '  ■•idiiH  liisi-ctH  are  more  constantly  upon  the  sor&ce 

III'  I  ho  '^  pnitcotluii  against  pbytophagons  creatures  is 

iilDi'ti  0  "^e   cxtralloral    nectaries  are   placed  a^mn  the 

iiprlul  \  itt  |H)iiits  that  vary  iu  different  plants.     In  the 

tOieiry  '.  »"">»  ueetiwies,  in  the  form  of  small,  r«d 

Hphtirul  '»  wljioH  of  the  upiier  part  of  t^  JP^ole. 
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A  stady  of  the  developineDt  of  the  leaf  suffices  to  show  that,  mor- 
phologically, these  represent  aborted  teeth  of  the  limbus  that  have 
become  adapted  as  nectaries.  Between  the  serrate  teetli  that  form  the 
edge  of  the  limbus  of  a  namber  of  leaves  there  are  foaud  in  various 
plants  Bmall  nectariferous  glands  (serration  glands).  In  the  wood- 
vetch  the  stipules,  situate  at  the  base  of  the  compound  pinnate  leaves, 
serve  as  foliary  nectaries. 

It  is  ({uite  natural  to  ask  what  ran  have  been  the  cause  of  this 
localization  of  the  prodaction  of  honey  dew  at  this  particular  point 
to  the  ezclnaion  of  others.  The  following  explanution  is  reasonably 
satisfactory : 

Nectarivorons  insect-s,  having  acquired  the  tiabit  of  f^neuting 
leaves  covered  throughout  their  entire  surface  with  honey  dew,  con- 
tinued to  do  BO,  even  when  the  excretion  had  ceased ;  during  periods, 
for  example,  when  transpiration  was  not  retarded.  These  leaves  they 
subjected  to  snctiou,  and  if  their  buccal  apparatus  permitted  it,  as  in 
the  case  of  ants,  to  a  continually  rei>eated  nibbling.  In  this  respect 
these  insects  behaved  like  a  yonng  mammal  who  sacks  the  breast  of 
his  mother  more  energetically  in  proportion  as  she  fhrnistaes  less  lac- 
teal secretion.  Any  irritation  of  a  living  tiasue  causes  it  to  hyper- 
trophy and  proliferate.  The  localization  of  the  irritation  at  certain 
special  points  causes  the  formation,  at  these  jwints,  of  glands  having 
a  angary  secretion.  Henceforward  the  nectarivorons  insects  localize 
their  action  upon  these  nectaries,  and  the  remainder  of  the  leaf  may 
then  adapt  itself  entirely  to  other  functions,  uf  which  the  most  impor- 
tant is  cblorophyllian  absorption. 

The  formation  of  foliary  nectaries  may,  in  principle,  be  dne  to  the 
iDterventiou  of  phytophagous  as  well  as  of  nectarivorons  insects.  The 
tendency  which  ants  have  to  tear  the  leaves  of  young  i)each-tree  bads 
is  well  known.  It  may  be  supposed  that  the  bites  of  these  insects 
upon  the  inferior  portions  of  the  leaf  caused  a  progressive  atrophy  of 
that  organ.  These  portious  would  be  progressively  adapted  to  a  new 
fonction — that  of  nectaries.  The  plaut,  thus  forced  to  adapt  itself  to 
the  needs  of  the  ants,  wonld  in  this  manner  establish  a  modus  vivendi 
between  itself  and  those  insects.  In  place  of  giving  up  portions  of  its 
foliary  parenchyma,  it  would  give  them  a  sngary  liquid.  The  ants 
wonld  find  every  advantage  in  this  substitution,  the  liquid  being  more 
easily  assimilable  and  its  collection  by  sucking  being  much  more  eco- 
nomical in  time  and  labor  than  tbe  mastication  of  the  foliary  paren- 
chyma. In  return  the  ants  wonld  protect  the  plant  against  the  attacks 
of  phytophagous  creatures. 

Along  tbe  edges  of  tbe  leaves  of  the  Ro»a  Banlcgia  are  found  perifo- 
liary  nectaries  that  attract  great  numbers  of  a  large  black  ant  ( Campo- 
wiuH  pvbeaeens).  The  presence  of  these  ants  preserves  tbe  rose  from  the 
attacks  of  a  bymenoptorous  insect  (Hylotoma  roste).  We  owe  an  inter- 
esting experiment  upon  this  snbject  to  Beccari.  On  a  branch  of  Roaa 
Bavktia  attacked  by  ants  he  |>laced  a  branch  of  another  rose  bush 
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atu<;ked  bj  the  larr»-  of  Hyiotomn.  loeoaoMded  by  Ibe  ants,  tli«ae 
larvif  took  reryj^e  u|M>n  tbe  yoau^est  bads.  QDprorided  as  yet  willi 
fifM^tarieK.  autl  coitMr^jaeutly  not  vUiCed  by  ants.  It  is  to  be  remarked 
that  Ibe  I>anks  rotiebiuhex,  whii-h  are  rarely  or  never  attacked  by 
llyfotonuu,  are  destitate  of  prickles.  We  may  probably  admit  tbal 
there  itt  a<^n-frlatiot)  between  tbe  preseDce  on  plaotsof  tbornsor  prickles 
and  tbat  of  Jesr-fating  insects.  Ib  it  not  doe  to  the  protection  eiveii 
iry  aiitH  and  othtr  HtiiiK-bearing  bymenoptera  tbat  the  Banks  rosebasbes 
attain  the  f^4;at  age  tliat  some  of  them  are  known  to  dot  We  may  cite 
VM  an  instiiiicc  one  of  these  bushes  planted  in  1803  by  Boplund  in  tiie 
KariU-n  of  the  marine  hoH[jitaI  at  Toulon,  which  has  a  stem  a  meter  in 
diameter  iit  the  base  and  bears  each  year  from  fifty  to  sixty  tbousand 
flowers. 

The  leaves  of  peach,  apricot,  and  cherry  trees  may,  as  there  is  rea«on 
to  HUp|>oHc,  be  derived  from  compoatid  leaves.  The  nectaries  wbich 
tbtty  varvy  on  the  petioles  should  then  have  the  significance  of  aborted 
lenllets  lllleil  with  sweet  stores. 

The  oxtraiii))itial  nectaries  belong  not  only  to  phanerogams,  they 
aro  hIho  found  iu  the  voscalar  cryptogams.  We  find  extrannptial 
net'tiiricH  lit  tli«  bji8e  of  sterile  pinnules  in  Pteris  aquilina  and  Acrogti- 
«liu»i  uriindfim.  In  Acrostichum  lIorgJteldH  we  find  at  the  base  of  the 
HttM'ltc  leivlletH,  and  iiIro  iVequently  at  the  base  of  the  fertile  leaflets, 
KiiiiiU  aiirlcloH  that  Hceni  to  be  nectariferous. 

l''rau<'iH  Darwin,  who  discovered  the  nectaries  iu  the  fronds  of  Pttrif 
niiuiliiia,  doprt  not  lieliove  in  the  defense  afforded  by  the  ants  against 
phylophuflouH  insH'cts.  In  favor  of  this  theory,  however,  is  tbe  fact 
that  tho  st'crKion  of  nectar  takes  place  only  in  yoaiig  bonds  whose 
tlHHar,  yet  lender,  is  nn  easy  prey  for  the  leaf  eaters.  It  should  also  be 
ntiUMl  that  I'trrin  iniuiltHn  is  a  cosmopolitan  plant.  It  may  not  attract 
tnsi't'ts  In  I'^ukIiuhI,  und  yot  do  so  in  other  regions.  Besides,  in  France, 
mi  UitliftuM  has  Ui-n  scon  to  visit  the  fronds  of  this  fern.  Ferns  are 
ut>(  (<\onipt  tWtm  attacks  by  plant  eating  insects.  Beccari  saw  a 
1'iiiUuuiiiiu  I'liitttum,  cHltivate<l  iu  a  court,  with  all  its  fronds  covereil 
by  a  ^HH-n  t'atiM'|>illai\  Not  far  from  this  fern  were  found  stems  of 
t^triis  iii/htfiiiii  whk-h  had  Iteeu  retimed  to  small  fragments  by  an 
iuswi.  Htv<vii'i  »up)HKscs  that  the  same  larva  attacked  simultaneously 
the  IWimIs  of  t\w  hvo  ferns, 

t(  if<  iinl  (inly  Ilio  normal  or>:r:tns  of  plants  which  may  offer  a  sogary 
wtivlion  piiMHl  by  thi-  aitl.<,  Ortnin  jr.>lls  may  be  considered  as  tme 
n,  "The  gallsof  .lurfrtcM  tntoffipet 
"SkTV  greatly  est^oi^ed  to  tbe  attacks 
i  I'.>>-*«f'i  and 'S.v-K-r^ML  It  isinter- 
s  indirwtly  evuh-ed  a  means  of  pro- 
s*vr\t('s  a  <t  o-iv  doid  eagerly  soaght 
("vy  :!;:s  lu'-iar  nndi^torbed,  tbey 
W:  ilv'aw  oi-er  ifc*  fails,  and  ia  this 
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way  provide  tb«  iubabitauts  with  tbe  best  protection  agaiust  their 
enemies. 

There  are  other  hoiiey-dcw  gal)»  tliat  furnish  ants  with  an  excellent 
food.  Such  are  the  reildiah-bi'owu  galls  formed  on  the  leaves  of  the 
Querent  undulata  in  the  region  of  the  Garden  of  tlie  Godn,  Colorado. 
These  galls  are  fi^aeiited  by  the  honey  ant,  Mgrmecocynttia  melliger, 
whose  habits,  studied  by  McCook,  have  been  recounted  in  most  classi- 
cal treatises.  We  need  here  ouly  recall  that  these  ants  have  two 
classes  of  Trorkers — those  charged  with  gathering  nectar  from  the  sur- 
faces of  the  galls  and  sedentary  boney-bearing  workers  whose  abdomeu 
is  distended  by  the  expansion  of  a  bag  filled  with  honey.  The  honey 
bearers  do  iiot  form  a  class  predestined  to  special  fuuctlous  by  a  pecu- 
liar physical  organization.  All  nonter  individuals  may  be  transformed 
into  honey  bearers  under  the  influence  of  special  alimentation.  There 
is  no  doubt  bet  that  the  presence  of  ants  upon  the  leaves  of  the  gall- 
bearing  oak  may  have  for  its  indirect  result  the  protection,  flrst  of  the 
galls  and  then  of  their  leaves,  from  the  attacks  of  their  various  enemies. 
In  this  case  the  hynienoptera  causing  the  galls  render  a  service  to  the 
plant  they  att.ick  by  attracting  to  its  vegetative  organs  a  more  or  less 
permanent  army  of  defenders. 

The  Camponotus  injtatus  and  Melopkorus  BagoH  described  by  Lnb- 
Iwck  are  also  honey  ants.  The  Crematogaster  injlatun  of  Malasia  has 
its  nietathorax  transfonned  into  a  bag  lllled  with  a  sugary  liquid  and 
provided  at  the  back  with  two  orifices  of  discbarge. 

The  production  of  nectar  is  not  hmited,  as  is  well  known,  to  the  vege- 
tative organs  of  plants.  It  is  e8i>ecially  abundant  in  the  floral  organs 
where  the  nectaries  attract  pollenizing  insects.  The  presence  of  the 
nectar  attracts  not  only  winged  insects  especially  adapted  to  pollination 
but  also  aptera,  ants  in  particular.  In  a  number  of  cases  the  latter 
insects  may  rob  a  plant  of  its  nectar  without  |H>llination  being,  in  its 
turn,  well  assured.  Hence  we  tind  a  series  of  defensive  or  tnyrmecopbo- 
bic  arrangements  having  for  their  result  the  exclusion  of  ants  from  the 
doral  organs. 

It  seems  that,  to  low-grot^ing  flowers  like  certain  Orucifera'  and  Com- 
positn;  capable  of  pollination  by  ants,  there  is  a  certain  advantage  in 
the  |>rocess  being  effected  in  a  more  assured  manner  by  winged  insects 
(Eerner).  The  chevaux  de  frise,  to  which  we  have  calleil  attention  as 
Burronnding  the  inflorescence  in  the  earline  thistle  and  the  centaury, 
may  be  a  defensive  organ  of  the  first  rank.  ^The  wood  scabish  {KnniiHa 
diptacifoUa)  has  on  its  stem  dowoward-potuting  hairs  through  which 
the  ants  can  not  mount  to  the  inflorescence.  The  teasels  arc  protected 
bya  sort  of  cup  formed  by  the  base  of  op{M>site  leaves,  a  cup  to  which 
has  been  ascribed  a  very  doubtful  carnivoroas  function,  from  which  the 
name  "digestive  trap,**  given  it  by  Francis  I>arwin. 

Vaucber  showed  some  time  ago  that  the  Malvaceae  that  have  nectar- 
iferoQB  Sowers  are  provided  with  hairs,  while  those  that  do  not  produce 
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nectar  have  none.  In  other  plants  the  leaves  form  about  (be  stem  a 
sloping  surface  in  the  form  of  a  collar,  or  the  vegetative  organs  may  be 
covered  with  a  waxy  secretion  that  renders  the  leaves  and  stems, 
or  perhaps  both  of  these  organs,  sbiniog.  smooth,  and  slippery.  The 
tnyrmecopbobic  function  of  these  slippery  surfaces  has  been  shovn  by 
Uelpino,  although,  as  it  seems  to  us,  be  has  in  a  nnmber  of  ca»>ti 
exaggerated  the  defensive  role  attributed  by  him  to  the  glancescenfe 
of  tlie  vegetative  organs.  In  certain  cases  the  glancescence  may  be 
combined  with  another  method  of  protection.  Such  is  the  case  with 
the  iftctnua  or  castor-oil  plant,  whose  leaves  arc  nectariferous  au<]  whose 
stem  is  glaucous  (I)elpino  and  Schimper). 

If  flowers  with  large  corollas  were  visited  by  ants  they  could  not 
usually  be  visited  by  winged  insects,  who  nre  alone  suited  to  efliect 
pollination.  A  bee,  for  example,  who  might  light  upon  a  tlower  tbns 
visited  by  ants  might  run  the  risk  of  having  its  proboscis,  one  of  the 
mostsensitive  of  organs,  seized  by  the  ants  j  hence  the  utility,  for  many 
insect-loving  flowers,  of  protecting  themselves  against  the  visit  of  aut& 
In  a  considerable  nnmber  of  cases  the  protection  is  effected  by  foliary 
organs,  as  we  bave  just  indicated,  but  more  frequently  the  plant  pro- 
tects itself.  Pendent  flowers  having  the  peduncle  inclined  toward  the 
ground  offer  by  the  very  curvature  of  that  organ  an  arrangement  verj' 
likely  to  cause  the  fall  of  anta  who  may  venture  upon  it.  Besides,  these 
plants  are  usually  slippery.  Good  examples  of  this  arrangement  are 
observed  in  the  snowdrop  ( Galanlhus  nivalis),  the  Ctfclamen,  the  crown 
imperial  (FritiUaria  imperialis).  These  plants  protect  themselves  as 
does  the  weaver  bird,  which  places  its  nest  upon  the  cud  of  a  flexible 
limb,  where  it  will  be  out  of  the  reach  of  serpents.  Jf  a  flower  is 
arranged  horizontally  or  vertically  it  may  protect  itself  by  means  of 
viscous  hairs  upon  which  the  ants  will  be  likely  to  stick.  We  may 
cite  as  nn  example  of  surfaces  thus  covered  with  graiiular,  viscous 
liairs  the  peduncle  of  Silcne  nutans,  of  Kpimedium  atpiimm,  the  flowers 
of  the  gooseberry,  of  the  lAnnnca  horealh,  of  the  Plumbago  Europea,  a 
|))ant  considered  by  some  authors  as  insectivorous  ( 1). 

Aquatic  plants  are  protected  by  their  very  situation.  Aquatic  s|>ccie8 
of  geuera  generally  pubescent  are  smooth.  Examples:  Viola palitstru, 
Veronica  ana<jalli»,  Veronica  beccabunga,  Jianitnculus  agiiatilis.  In  the 
VolygoHum  amphibinm,  studied  by  Kerner,  the  stigma  is  much  larger 
than  the  corolla.  If  the  anta  should  penetrate  the  interior  of  this 
corolla  they  would  steal  the  nectar  without  ]>o11enizing  the  plant;  hut 
if  a  winged  insect  should  visit  the  flower  there  would  be  many  chances 
of  its  brushing  the  stigma  in  its  passage.  The  stamens  are  short  aod 
ripen  before  the  pistil,  so  that  any  winged  insect,  however  small,  can 
effect  pollination.  But  tliis  Poli/gonum,  as  its  specific  name  indicates, 
may  also  grow  upon  the  land.  As  long  as  it  I'emainsin  water  it  remains 
■'abrous;  as  soon  as  it  grows  upon  the  land  it  becomes  covered  with 

ndnlar  hairs. 
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Tf  the  flower  has  no  stiff  or  vincoiis  ]>rote<''tiiig  hairs,  if  its  peduncle 
is  neitlier  glaacoiis  uor  steep,  it  adopt^i  various  devices  for  the  purpose 
of  protecting  its  floral  nee tiiries  against  auts — devices  that  aflfect  various 
organs.  In  certain  narcissuses  ttie  tube  is  so  narrow  that  an  ant  can 
not  enter.  Only  the  proboscis  of  a  wingt-d  insect  can  penetrate  it.  In 
ttie  Campanula  ttie  flowers  are  widely  open,  bnt  tbe  stamens  are  so 
united  as  to  form  a  sort  of  box,  in  which  the  nectar  ia  found.  Bees  are 
veryearlyrisera,  while  ants  do  nut  go  ont  until  the  dew  is  off.  A  flower 
which  possesses  no  means  of  protection  against  ants  has,  therefore,  an 
advantage  if  itoiiens  eiirly  in  tbe  morning  and  closes  its  corolla  before 
the  ants  arrive  (Lubbock).  Thus  it  is  that  the  flowers  of  the  Tragopogon 
pratenae  close  early  in  the  morning.  Those  of  Lamjisana  communis  and 
of  Crepit  pulrhra  open  before  C  o'clock  and  close  about  10  o'clock  a.  m. 
The  nectar  pro<iucing  plants  of  England  are  generally  pubescent. 
Lubbock  has  drawn  up  a  list  of  110  species  that  are  nectariferous  and 
smooth.  lu  CO  of  these  tbe  passage  leading  to  the  nectar  is  so  narrow 
that  the  ant  can  not  pass.  Thirty  are  aquatic,  3  or  4  open  only  at  night, 
6  grow  in  the  open  ground  but  are  very  small,  so  that  to  tbem  hairs 
Tvonid  bo  of  very  doubtful  utility. 

Ill  a  number  of  cases  the  ants  borrow  the  nectar  from  vegetables 
through  the  intermediation  of  animals.  A  true  animal  honey  dew  ia 
secreted  by  plant  lice  (Aphides)  or  cochineal  insects  {Coceidw).  It  is 
well  known  that  these  insects  excrete  from  the  itosteiior  extremity  of 
their  digestive  tube  a  saccharine  liijuid  of  which  the  ants  are  fond. 
Upon  the  leaves  covered  with  aphides  ants  constantly  circulate,  and, 
tickling  these  creatures  upon  the  ahilomcn  with  their  antennnt  gather 
the  sugary  drops  that  are  then  exuded.  The  adaptation  of  these 
aphides  to  the  ants  is  so  perfect  that,  according  to  Darwin,  when  one 
is  tickled  by  a  hair  it  will  not  give  up  its  liijuid,  that  result  only  follow, 
ing  tlie  excitation  produced  by  the  ant  (t).  However  this  may  be, 
aiibides  and  sometimes  cochineal  insects  are  truly  purveyors  to  the 
aiita.     Linna'us  called  them  Va^^cw  formiiarum,  or  unt-cows. 

The  habits  of  these  pastoral  ants  are  too  well  known  for  us  to  dwell 
upon  tbem,  but  it  is  well  to  remember  that  there  are,  so  to  speak,  two 
degrees  of  complexity  in  the  relations  of  these  insects.  Many  ants  are 
content  with  collecting  the  nectar  from  tbe  aphides  in  tbe  open  air, 
others  construct  covered  ways  and  regular  aerial  stables  to  protect 
their  "cows"  from  the  attacks  of  their  enemies  and  to  "milk"  them  at 
their  ease. 
•  Sometimes,  also,  when  the  aphides  frequent  the  subterranean  parts 
of  vegetables,  they  construct  underground  stables.  In  our  country  the 
aerial  stables  are  temporary,  made  of  loose  earth  and  fragile,  but  <.)8ten- 
Sacken  has  seen,  near  Washington,  a  branch  of  juni]>er  carrying  an 
aerial  stable  formed  of  agglomerated  filaments  having  a  resinous  odor. 
Heboseven  seen  in  Virginia  an  aerial  stable,  spherical  but  fragile,  con- 
structed Ti|>on  an  Asclepias.  Trelease  has  also  seen  in  North  America 
aerial  stables  established  by  CreMutoffastcrs  ujiou  Andromedas. 
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i».,'.y**J  ;»*ii-*»  itL.'y  t'l*7  t:--<]  '-a  Ti.-e  c^-cid,  Iben  diss  ^alkvyso 
t!  ^t  *!."/  '^ij  r*-^  b  a  T'xrTlH.  Tlf«  a^'L.O^-s  kaviug  reached  llw  iKiar- 
ir:.  t,-/  j*!i.:!i,  ('/b:.d  li.t-i*-  a  ti.i'.Tir  tLat  beoMDCs.  for  the  ants,  a  true 
ni<i'.*^i;tt^-4fi  ti^.ry.  To  it  niad-  a:«  lu^fle  in  the  ^■aixl  to  give  pas- 
MiK*-  Uit.i.tiM  a|.i  j<j<".  i-barged  »::L  llrt-disseainatk^ntrf' their  species. 
|«  K.J'  <aM-  tti';  ;ij>liiii  d<f*4  ii"t  K'-^-m  al>le.  vithoot  the  aid  of  the  ant, 
l/j  fiud  \\i-.  Mti'Mm  of  iieiif^ratin;;  to  tbe  base  of  the  plaot  that  is  to 
(l'/)lr^r||  f>.  Til"  iijf'-^iiii:;  of  tlie  jtlaot  de[>eiKl:i  directly  apon  the  ants. 
A  (''iii*i<l"ral(]<:  riuHiV-r  of  aerial  or:.'Hii$  are  thas  peopled  with  aphides 
l/>  ()><;  'lit'^-t  suction  of  aiitH  «ho  traiisjiort  the  insects  to  oouinfe^ted 
friiiiil*.  Wi;  will  not  AvtiW  furth<.r  niion  tbe  relations  between  aphides 
Mij>l  ;<iii«.  w'tiii-li  iiili-ieht  iiKoiily  be<.-aa>e  of  Ibo  damage  done  to  plants 
!.>'  (1(1!  iiH)\fr:i\'t'iu  of  tlione  itii«^-ti».  Tbe  facts  are,  brides,  detailed  iji 
iiiK'i  \i>wi:i\  tri-MliMffoti  cntoiuology. 

'fill;  H'l;ti)o[iH  iif  iititH  wjtli  tbe  t'or<-id4r  (scale  insects)  are  essentially 
iliit  viiiik;  uh  thtint'.  tbey  bave  with  tlie  Aphidet  (plant  lice).  In  oar 
i;lMiiiil<-,  wbi'Ht  {ilaiit  lii-e  abound,  tbey  are,  together  with  the  Coccida, 
Ibn  only  itiM-ilM,  or  lUMily  so,  that  furuish  ants  with  a  tree  animal 
l(oiii-y  ili-w,  Itut  ill  Hitiitli  America,  where  iii'liides  are  much  more  rare, 
I  bey  itjiiM-itr  lo  Im  rcpluted  almimt  entirely  by  the  larvieof  honiopterons  ^ 
lli-iiiiiil'i-ni  HUrivpi'li-»,  mid  esiieeiiilly  ^fembrtlcide8).  The  relations  of 
riiilN  with  llit-Hit  iiim'ctJi  have  been  studied  by  Beske,  Swainson,  and 
liiiitil.  Itftildi-H  tlin  protevtiou  wbicb  tbe  ants  atford  to  the  insects  that 
cicu'lo  llm  luHK'y  (l»;w  they  perhaps  aid  them  in  their  moltings  by 
I'i'lli-vliitc  tbt'iii  of  their  iibl  skin.  l)el|>iiio  has  described  tbe  relations 
Uul  iitviir  111  lliily  bt'tweeu  Camponotm  piibescfiiii  and  other  anta  and 
t   b  Cicudelbis  (Teltiijomitra  rireaeens   uud    Centrotut 
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tfenistte).  In  the  United  States  tbe  caterpillar  of  a  species  of  Lpcwna 
lia»  upon  its  last  abdominal  segments  two  or  three  pairs  of  small  pro- 
jectiug  buttons  provided  with  a  ceutral  opening  from  which  exades, 
under  the  indiience  of  tbe  caresses  of  Forviica  fusca,  a  small  drop  of  a 
special  liqnid. 

As  wo  have  seen  it  in  incontestable  that  tbe  ants  thns  protectanam- 
ber  of  insects  injurious  to  vegetation  against  the  attacks  of  their 
natural  enemies,  but  in  certain  cases  it  seems  probable  that  ants,  by 
transporting  these  sucking  insects  from  developing  to  older  parts  of 
tbe  plant  may  considerably  aid  tbe  vegetable  to  sustain  tbe  attacks  of 
these  ])srasites.  For  example,  an  aphis,  by  living  ou  tbe  young  leaves 
of  a  bud,  will  fre(|uently  cause  them  to  develop  abnormally,  while  if  it 
lived  on  tbe  adult  stem  it  would  be  much  lens  prejudicial  to  the  plant. 
Cases  will  hereafter  be  cited  in  which  ants  transport  aphides  and 
cochineals  from  one  organ  of  tbe  plant  to  another. 

All  these  nectar-producing  insects  may  be  considered,  generally,  as 
walking  nectaries.  They  attract  ants  much  more  powerfully  than  do 
the  extratloral  nectaries.  Traversing  almost  the  entire  surface  of  the 
plant,  tbey  determine  tbe  goings  and  condngs  of  the  ants,  which  thns 
indirectly  protect  the  entire  plant  by  their  very  presence  instead  of 
remaining  massed  at  special  points  where  nectaries  are  fonud.  But  it 
seems  to  us  going  too  far  to  consider  with  Lundstroiu  that  these  walk- 
ing animal  nectaries  are  protltable  to  the  plant.  Thequantity  of  nutri- 
tive materials  they  take  from  it,  and  tbe  deformations  they  cause  in  a 
number  of  organs,  are  not  compensated  for  by  tbe  protection,  doabtfiil 
indeed  in  many  cases,  offered  by  tbe  ants  they  attract. 

The  tme  plant-protecting  auts  are  those  which  do  not  borrow  (even 
indirectly  by  means  of  aphides)  their  aliment  from  the  vegetable  king- 
dom— those  which  are  frankly  carnivorous.  Such  ants  are  quite  numer- 
ous in  our  climate,  and  their  usefalness  to  agriculture  and  silviculture 
is  incontestable.  We  find  that  Formica  pratensis  in  very  destructive  to 
insects  such  as  caterpillars  and  grassbopi>ers.  A  uest  of  this  species 
will  destroy  as  many  as  28  insects  per  minnte,  or  about  1,000  per  hour. 
And  such  a  colony  works  day  and  night  throughout  the  entire  season, 
III  the  midst  of  the  arid  savannas  of  America  tbe  benelicent  action  of 
ants  is  shown  by  islets  of  verdure  covering  the  hillottks  raised  by  these 
insects.  The  protection  which  they  give  to  plants  prevents  the  attacks 
of  leaf  eaters. 

We  have  not  touched  upon  many  well-known  points  in  the  above- 
mentioned  biologic  relations  of  ants.  We  prefer  to  concentrate  our 
attention  upon  their  direct  relations  with  a  number  of  plants  that  may 
be  called  myrmeeophilous,  since  they  afford  shelter  and  often  food  to 
Mts.  The  history  of  these  lodging  plants  \»  generally  little  known,  and 
they  present  a  number  of  peculiarities  which  deserve  to  be  studied  in 
detail.  The  instinct  of  ants  leads  them  to  attempt  to  establish  them- 
ulves  in  cavities  where  they  may  be  sheltered.    These  cavities  will  be 
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more  advantageoua  ia  proi>ortioa  as  tbey  are  couvenient  to  the  ibod 
wliicli  the  iusecta  seek.  Therefore,  if  a  nectariferouB  plant  visited  by 
anta  presents  in  some  of  its  organs  a  cavity  suitable  for  their  habita- 
tioti,  it  will  soon  become  a  lodging  for  these  insects. 

Such  is  the  case  with  vnrioas  ferns.  We  have  already  mentioned  the 
extra-nnptial  nectaries  found  on  the  fronds  of  various  indigenoos  and 
exotic  ferns.  On  the  lower  face  of  the  sterile  fronds  of  Polypodtum  nee- 
tari/erum  nectaries  arefoifnd  in  considerable  numbers;  but  their  origin 
is  different  from  that  of  those  observed  in  the  before-mentioned  types. 
They  seem  by  their  position  to  corresjxtnd  to  the  petiolar  nectaries  of 
phanerogams  of  the  types  already  cite<l.  But  in  P.  nectari/erum  they 
appear  to  be  aborted  sori  formed  at  the  points  where  the  nerviiTes 
divide,  and  therefore  aiialogons  to  the  floral  nectaries  of  the  pbanero- 
gams.  The  sterile  frond  of  this  polypod  is  quite  different  in  8hai>e  from 
the  fertile  frond.  The  nectaries  seem  to  attract  the  ants  to  it,  and  they 
find  there  assured  shelter  by  reason  of  its  special  form. 

The  young  shoots  of  palm  trees  are  tender,  usually  sweet  in  flav<», 
and  therefore  exposed  to  be  eaten  by  herbivorous  animals.  (It  is  well 
known  that  travelers  who  traverse  the  virgin  forests  of  Malasia  easily 
procure  for  themselves  a  succulent  food  by  felling  palm  trees  and  cat- 
ting out  their  growing  top  shoots.)  These  plants  are  therefore  nsoally 
protected  by  means  of  spines.  Oertain  species  for  which  this  mode  of 
defense  is  insuflicient  have  recourse  to  ants  for  protection.  Even  those 
species  tliat  are  armed  with  sharp  needles  have  the  younger  parts  com- 
paratively unprotected,  because  the  needles  are  not  yet  sufficiently 
buFdeued.  The  ants  find  a  shelter  upon  these  palm  trees.  Sometimee, 
as  is  the  case  with  certain  S|)ecies  of  Calamus,  the  spatbe  that  protects 
the  inflorescence  has  a  form  suitable  for  harboring  these  insects.  Some- 
times, as  in  some  species  of  Damonorops^  the  series  of  needles  that  arm 
the  stem  are  curved  toward  each  other  two  by  two,  thus  forming,  by 
their  intercrossing  on  the  surface  of  the  stem,  galleries,  in  which  the 
antH  establish  themselves.  In  this  case  the  lodging  organ  forms  but  a 
part  of  the  wall  of  the  cavity  inhabited  by  the  ants.  It  is,  as  might 
be  said,  the  rough  draft  of  a  myrmecophilous  feature.  In  the  great 
majority  of  lodging  plants  the  cavity  is  entirely  formed  by  the  organs 
of  the  plant. 

In  palm  trees  of  the  genus  Kortkalaia  the  lodging  organ  is  of 
another  character.  The  sheath  of  the  leaves  (ocrea)  has  an  appendage 
that  enlarges  in  theform  of  a  boat,  and  thus  shuts  in,  together  with  that 
part  of  the  stem  against  which  it  is  applied,  a  closed  cavity.  To  get 
into  this  the  ants  make  an  opening  in  the  median  line  or  laterally,  and 
in  addition  to  this,  which  is  u.sed  for  entrance  and  exit,  they  makeother 
small  openings  at  the  base  of  the  ocroa  for  the  purpose  of  ventilation. 
It  is  probable  that  the  KorthaUia  has  nectaries  in  the  petiolule  of  some 
of  the  segments  of  its  leaves.  It  apxiears  C4»'tain  that  the  cavity  of  the 
ocrea  is  formed  without  any  intervention  on  the  part  of  the  ante,  but 
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tbe  holoR  in  itdonotexisttbereDaturally,  aiidseemtobemadebytliose 
iasects.  Tliis,  too,  it  would  seem,  is  a  rough  draft  of  a  inyrniecophilous 
feature.     (See  PI.  XVII.) 

Usually  lodgiug  plauts  oft'er  to  ants  a  well-closed  cavity  formed  at 
the  ex[>ei]ae  of  one  of  their  organs.  Such  is  tbe  case  with  Acacia 
romigera,  a  small  tree  of  Central  America,  about  six  or  seven  meters 
high,  having  nC  the  base  of  each  leaf  two  strong  spines,  representing 
modified  stipules-  It  is  generally  allowed  that  it  was  Belt  who  first,  in 
Nicaragna,  studied  tbe  relations  of  this  tree  to  ants.  It  had,  however, 
already  been  mentioned  and  flgnred  by  earlier  observers:  Hernandez 
(1651),  Hennaun  (16S9),CoinmeIiu  (1C98),  Plukinet  (1091).  The  spines 
are  Btrong  and  have  been  compared  with  some  exactitude  to  bull's 
horns.  They  are  hollow  within,  the  cavities  of  the  two  contiguons 
spines  intercommnnicating.  The  leaves  are  bipinnate,  and  at  the  base 
of  each  pair  on  tbe  median  nervnre  there  is  found  a  crateriform  gland 
which  in  young  leaves  secretes  a  honey-like  liqnid.  These  foliary  nec- 
taries attract  a  great  number  of  ants,  which  are  constantly  running 
about  from  one  gland  to  another. 

Bnt  this  is  not  tbe  only  aliment  offered  to  these  insects.  There  are 
nectaries  of  another  kind.  At  the  extremity  of  each  of  the  small 
divisions  of  a  compound  leaUet  there  is  formed  a  little  yellow  fruit- 
like body,  attached  to  the  leaf  at  »  single  point.  When  the  leaf  first 
unfolds  these  little  pears  are  not  quite  ripe,  and  tbe  ants  are  continually 
employed  going  from  one  to  the  other  examining  them.  When  an  ant 
finds  one  sufficiently  advanced  it  bites  tbe  small  point  of  attachment. 
Then,  bending  down  tbe  froit-Iike  body,  it  breaks  it  off  and  bears  it 
away  iu  triumpta  to  the  nest.  The  ants  are  therefore  found  continually 
upon  tbe  plant  occupied  iu  harvesting  these  glandules,  which  ripen 
Buocessively.  Since  these  organs  are  attractive  to  ants  as  dainties, 
Trancis  Darwin  gave  them  the  name  of  "  food  bodies."  We  may  per- 
haps attribute  tbe  production  of  the  "food  bodies  of  the  Acacia  comt- 
gera  to  the  ants  themselves.  The  ancestors  of  the  plant  must  have  |)08- 
sesaed  leaves  that  secreted  at  their  borders  a  mucilaginous  liquid  in 
greater  or  less  abundance.  The  ants,  attracted  by  this  liquid,  began 
to  nibble  the  secreting  edge  of  these  leaves,  and  thus  produced  an  irri- 
tation resnlting  in  a  more  abuudaut  seeretiou  of  the  liquid  and  au 
liypertrophy  of  the  secreting  parts.  We  have  already  spoken  of  the 
tlieory  that  accounts  for  tbe  primary  differentiation  of  tbe  perifoliary 
nectaries  by  the  irritation  caused  by  the  suctioci  and  bites  of  insects 
seeking  mncil a gi nous  or  sugary  liquids. 

Belt  has  observed  that  two  8i>ecies  of  ants  visit  the  spines  of  the 
Acacia.  The  most  frequent  visitor  is  the  Pseudomyrvia  bicolor.  The 
other  is  a  species  of  Crematogaster.  The  two  never  inhabit  at  the 
same  time  the  same  tree,  nor  do  they  ]>erforate  the  same  spinas  at  the 
Bame  place,  the  former  penetrating  them  near  the  a[)ex,  the  latter 
abont  midway  of  their  length. 
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fti*  'iJuniitl  berijjvwa.  JJal  as  :Le  vi-iil*  vf  these  bee*  were  only 
■  i.'JMial.  lli*r  jilaiil  «oi;:i]  n-niain  *-i[">s*d  to  the  attacks  of  noctnrnal 
\iiH)i\"td.  Tli'fa'lajitiitiDD  of  its  spines  for  lodpng:  the  aot^i  »ssare<i 
tin-  Aitu:ia  n>ri<iijt:ra  of  a  <-i>n-raiit  d*-fen«-.  It  may.  however,  be  well 
Ut  rt-ntark  that  t)i<;  deft^n-ire  arraii^'emeiits  are  eiqM^-ially  directed 
anatti^t  Ii-arciittiiit;  ants  rather  tlian  again i^t  ot ho-  hrrbivoruns  crea- 
hifit.  'I )«'  I'TnUfAUiM  given  to  ant-s  is  so  necessary  to  t\iis  Acaein  that, 
■MiAitt\iiiu,  t"  IMt,  its  accIiiiiatioD  woald  be  impossible  in  localities 
* \u-rf  r Ite  I'H'U'himynna  dtHjs  not  eiist.  The  leaves  of  the  plant,  even 
ulirn  fti-i-il  from  tlieaiits  ttiat  inhabit  tfaeui,  are  rejected  by  herbivorous 
;iiiiirisil*,  llicjr  ie|iiignan<M;  to  tbem  lieing  dne.  in  great  part,  to  (be  odor 
lit  iiiitx  itxlialml  by  tlie  leavcK  afler  they  have  Iveen  visited  by  the 
I'm-intomjirma. 

\U-Aiiiv\  IinH  iiiciitioiicd  a  nutmeg'  tree  I  Mgritttca  mtfrmfrttphtla)  whose 
iiiU-i'iKwIi'ti,  provided  witli  wing-like  jtrotoogations  of  very  cnrioos 
riii'iii,  iin-  i-nliirgeil,  liolluw,  and  inhabited  by  auts,  which  reach  tbe cav- 
Illi-H  liy  ii\H-iuliin>*  Hitnatcd  on  tlio  sb-m  or  on  the  x*^*""^'*^  **f  ^^^  male 
iind  rttiiiidii  llowerH.  TIcm;  o[>eiiiiig8  bave  the  form  of  narrow  slits  with 
riilm-il  eil({i-M.  The  cuvitiOM  of  the  varioas  iiiteruodes  do  not  lutercom- 
iMiiuli-jilc.  Wm  niiiy  Kai)]>oHe,  by  iiiialogy  with  what  is  seen  in  other 
iii,V''irj«i'<'|i|iil(>iiK  ty|ies,  that  th^  perforations  do  not  exist  in  tbe  yoang 
liilcrnodcM,  iind  imt  llm  work  of  tbe  ants  that  visit  tbe  plant  in  great 
niiiolicin,  II"  Ihi'y  likowise  do  otlier  species  of  the  same  genus.  The 
iiiIhi  il  I'djti'H  of  (lie  slitM  In  tlio  internodes  apparently  secrete  a  sugary 
|li|iilil  iiltnirllvo  lo  luitH.  Tlieso  insects,  besides  the  iiart  they  may 
pliiy  III  drlvlna  <»II'  pliytojilnigona  creatures,  may,  perhaps,  assist  in  tbe 
li  rllll/iilliHi  of  tlic  illo'djoiis  [lowers  of  the  iiutmeg  tree.  The  visit  of 
hixoi'tN  |i,  In  I'lii'l,  iinUs|ii'ti!.nbl«  to  tlie  fertilization  of  tliis  plant,  tlie 
^..,•1..  iloufiN  Inivliij;  11  lonvcs  ipieiitiwlo  and  an  ovoid  calyx  slightly 
'  lift  n|i|it'i-  |iar(,  and  an  andro'cinm  consisting  of  sixteea 
nu  It  tyllmirinil  stipitate column  entirely  included  within 
oaljA. 
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The  Endoapermum  moluaanum  is  »  inyriiiei.'Oi)bilou»  ouphorbiaceouB 
plaut  kuowii  to  tlie  oldest  authors  who  liuvt;  treated  of  the  flora  of 
Malasis.  It  is  the  A  rbor  regiii  of  KiiinphJus, "  cujns  traucas  intus  iiihabi- 
tatur  plerumque  ea  copia  fonuicarnm,  ut  vix  tiliqnis  arlmnim  proprius, 
multomiDuscaudam  altrunoare  audent."  its  native  name  is  cajusnmut, 
that  is,  ant  tree. 

At  the  base  of  the  leaves  of  this  tree,  where  the  )iiiibits  is  inserted 
on  the  x>etiole,  are  found  two  nectariferous  gliiudules  that,  tht>re  is 
every  reason  to  suppose,  are  capable  of  atCraeting  ants,  it  is  uot  yet 
known  whether  tlie  branches  are  hollow  or  not.  Itnmphius  siieaks^  it 
is  true,  of  openings  upon  the  brandies  by  whicli  Mie  auta  pass  in  and 
oat  but  it  may  be  tliat  his  Arbor  regin  is  rather  IlernamUa  ovigera,  a 
plant  that  is  possibly  rayrmecopbilous,  or  a  related  si>ecie»  of  Endos- 
permum  of  New  Guinea  {Endotipermvm  forvticarum),  whose  branches 
are  hollow  and  provided  with  well -marked  perforations. 

One  of  the  most  interesting  facts  in  the  history  of  this  tree  is  the 
following:  It  seems,  according  to  the  observations  of  Bei^cari,  that  it 
attains  in  its  native  forests  such  proportions  as  to  justify  the  name 
Arbor  reghi,  but  when  it  is  transjiorted  to  tropical  botanic  gardens  its 
height  is  considerably  less,  ile  considers  tlie  cause  of  this  dimor- 
phism to  be  the  absence  of  ants  from  the  cultivated  plants,  for  lie 
assumes  that  tho-ie  insects,  by  the  irritation  in  the  inteniodes,  stimulate 
growth.  The  ants,  finding  upon  the  Kndotpermuw  nectar  and  lodging, 
render  it  a  signal  service  by  causing  indirectly  its  development.  When 
the  tree  has  attaine^l,  in  its  natal  forest,  "royal''  dimensions  its  iutlo- 
rescence  overtoi>s  the  other  trees  and  the  ferlili/ation  of  the  i>lant, 
which  is  effected  by  the  wind,  is  greatly  facilitated.  Thus,  in  the  most 
roundabout  manner,  the  ants  aid  in  pollination.  This  is  a  most  curious 
exftmi>le  of  an  anemophilous  plant  becoming  eiitoniophilous,  so  as  to 
QtiliKe  the  visits  of  insects  that  indirectly  aid  fertiliy-ation. 

t\ia  Endospermnvi  formicarKru,  a  species  related  to  the  preceding, 
has  branches  naturally  and  constantly  enlarged  and  hollow,  but  we  do 
not  know  if  the  perforations  they  present  are  produced  by  the  agency 
of  ants.  Their  position,  which  seems  constant  (in  view  of  the  few 
branches  that  are  turned  upward),  gives  rise  to  the  supposition  that 
this  is  the  case,  besides  incom|ilete  perforations  are  found  involving 
only  the  bark  and  the  outer  fibers  of  the  liber,  and  these  must  be  the 
unfinished  work  of  ants.  There  are  also  cicatrices  which  must  cor- 
respond to  the  oritices  commenced  by  ants  and  then  closed  up  by  the 
proliferation  of  the  walls. 

What  stopped  the  ants  in  the  work  of  i>erforation  T  The  density  of 
the  intemode^if  they  attack  it  at  its  base,  a  density  that  leads  them 
to  arrest  their  work  and  attack  it  higher  up  where  the  tissue  is  not  so 
hard.  These  partially  cut  holes  the  jdant  closes  up  by  cicatricial  tissue. 
At  the  summit  of  the  petiole,  near  the  bifurcation  of"  the  large  nerv- 
DFes  on  the  lower  surface  of  the  leaf,  are  found  glandules  thai  appear 
to  servo  as  nectaries. 
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The  aots  are  incapable  of  assisting  in  pollinatino,  for  tbe  plaot  is 
dioecioua  and  the  polvernlent  pollen  seems  to  indicate  that  it  is  ane- 
mopbilous.  By  causing  the  disappearance  of  the  medullary  tissue  and 
thna  rendering  tbe  branches  lighter,  the  ants  may  facilitate  the  devel- 
opment of  tbe  tree,  and  consequently  its  elevation  above  the  top  of 
other  trees,  an  arrangement  especially  favorable  for  the  transportation 
of  pollen  by  the  wind. 

The  Clerodendrum  Jistulosum  is  a  verbenaceous  plant  visited  and 
inhabited  by  ants.  Its  straight  stem,  about  »  meter  io  height,  baa 
internodes  that  all  appear  enlargetl.  Each  enlargement  has  at  its 
summit,  just  below  the  insertion  of  the  leaf  of  the  intemode  above  (one 
of  the  two  opi>oaite  leaves  of  each  iut«mode  having  atmrted),  an  orifice 
bounded  by  a  projecting  rim.  The  ants  are  attracted  to  tbe  surface  of 
tbe  plant  by  little  nectaries  situated  on  the  inferior  surface  of  the 
leaves  near  the  median  nervure.  It  is  not  yet  known  if  these  inter- 
nodes with  their  upical  upeningK  are  absolutely  constant  features. 
Beccari  supposes  that  the  irritation  produced  by  ants  may  cause  a 
notable  increase  in  the  internodes  and  in  the  size  of  their  cavity.  The 
oi>eiiing8  may  have  been  in  the  first  place  the  work  of  iints,  though  tbe 
cavities  do  not  intercommunicate,  for  the  ants  that  inhabit  this  Clero- 
dendron  belong  to  an  eminently  [lerforatiug  genus  (Colobopsis).  It 
would  appear,  however,  that  at  tbe  jiresent  time  these  openings  are 
produced  without  the  intervention  of  ants,  that  a  lesion  has  become 
hereditary.  The  services  rendered  by  ants  ta  the  Clerodendron  are, 
first,  a  protection  against  herbivora.  Delpino  saw  a  plant  of  this 
genus  (C.  fratjans)  defended  by  armies  of  ants  :is  soon  as  anyone 
attempted  to  gather  its  flowers.  Then  these  mjrrmecophiloHS  features 
may  assist  the  C.  fiHtulosum  in  its  struggle  for  existence  with  neighbor- 
ing species.  The  irritiition  produced  by  the  ants  may  i>erhaps  cause  a 
notable  increase  in  the  inteniodes  and  their  morecfiectivc  Uguiflc»tion, 
the  subherbaeeous  plant  being  thus  enabled  to  struggle  with  more 
adviiutage  against  rival  species  in  the  midBt  of  tropical  vegetation 
largely  of  a  ligneous  character.  If  this  is  the  case  wemay  suppose  that 
primitively  individuals  inhabited  by  ants  survived  in  preference  to 
those  which  were  not  so  inhabited,  and  initnral  selection  con.seqnently 
fixed  these  myituecopbilous  features.  The  swelling  of  the  internodes 
and  the  perforations,  at  first  accidental  charjicters,  became  normal. 

Everyone  has  heard  of  the  curious  JTepenJAc*,  commonly  repute«ltobe 
carnivorous  plants.  The  X^enihes  liicalcarata  in  one  o{  the  most  inter- 
esting species  of  the  genus  and  is  to-day  cultivated  in  the  hothouses  of 
Euroi»e.  Its  climbing  stems  ascend  trees  to  a  height  of  from  10  to  15 
meters.  Its  loaves  are  terminated  by  ascidia  or  pitchers,  having  tbe 
well-known  form  peculiar  to  tbe  genus,  which  has  caused  the  plant  to 
be  regarded  as  one  of  tbe  most  carnivorous  of  vegetables.  These 
^pitchers  are  so  inarkeilly  dimorjihic  that  they  might  be  su|»posed  to 
t  sjiecies.    The  leaves  of  the  upper  part  of  the 


^^^^piccners  are  so  inarKeiiiy  i 
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stem  have  a  peduncle  tliiit  turns  upon  itself  with  a  spiral  coil  opi>oaite 
the  most  swollen  portion  of  tlie  pitclier.  Its  ciivity  does  not  extend 
beyond  tho  enlnrged  poition  of  the  peduncle.  The  leuves  situated  at 
other  leveU  of  the  stem  have  a  straight  pedancle  joining  the  pitcher 
nt  right  angles  and  t  nlarged  at  Iho  Janction.  The  cnlnrgemeut  is  hol- 
low and  also  has  an  opening  where  it  touches  the  piteher.  In  neither 
of  the.se  forms  is  there  any  couamunication  between  tho  cavity  of  the 
pitcher  and  that  of  the  peduncle.  The  axis  of  the  mule  inllorescence 
is  traversed  by  a  median  canal  coniuiunicating  with  the  exterior  by 
several  openings,  which,  like  those  made  in  the  peduncle,  have  every 
appearance  of  being  tho  work  of  ants  that  inhabit  the  cavities  of  those 
organs.  We  are  an  fortunately  not  informed  whether  the  x>edunclcs  of 
faotbmise  plants  have  the  enlargements  so  chaiwteristic  of  the  wild 
form,  or  whether  the  perforations  are  wanting  if  ants  are  absent.  It  is 
to  be  supposed,  reasoning  from  analogy,  that  the  enlargements  are  con- 
stant, but  the  perforations  are  the  work  of  an  ts  which  have  removed  from 
the  cavities  of  the  peduncle  and  the  infloresceuce  a  s])ongy  tissue  like 
that  belonging  to  the  Acacia  cornigera.  As  to  the  first  cause  of  the 
formation  of  these  i>ednneular  enlargements  we  may  perhaps  find  it  iu 
the  bitea  of  the  ants.  This  differentiation,  tmnmatic  in  its  origin, 
might  become  hereditary  in  the  course  of  time. 

If  it  be  true  that  the  Nepenthes  are  realty  carnivorous  plants  (which 
in  the  present  state  of  our  knowledge  seems  doubtful),  the  species  may 
utilize  in  two  ways  the  hospitality  it  proffers  to  ants.  Those  insects  may 
defend  it  against  plant  eaters,  and  if  while  running  about  the  surface 
of  their  host  they  chance  to  fall  into  the  traps  formed  by  the  pitchers, 
the  plant  may  use  their  carcasses  for  food.  The  ants  would  thus  serve 
the  plant  both  for  defense  and  for  prey.    {PI.  XIX.) 

The  sijecies  of  Kiliara  {K.  formicarum  and  A'.  kospiUinn),  a  genus  of 
the  family  Monimiaceie,  have  perforated  internodes,  either  solid  or  hol- 
low, that  are  visited  by  ants  {IlypovHnea  scrutator).  Within  the  hollow 
internodes  are  tbund  numerous  individuals  of  a  species  of  cochineal 
(MyzoUcanium  Kibara)  that  has  a  very  well  developed  rostrum. 
Although  it  is  not  possible  to  determine  in  the  dried  specimen  the 
presence  of  an  excietory  apparatus,  there  is  reason  to  snppose  that 
these  in:)ects  give  out  a  sugary  liquid  sought  for  by  the  ants.  Bio- 
logical relations  ought  then  to  exist  between  these  inhabitants  of  the 
Kibaras,  and  it  is  not  probable  that  the  cochinetds  enter  by  themselves 
the  cavities  of  the  internodes.  They  have  doubtless  been  conveyed 
there  when  young  by  the  ants  and  there  finish  their  development,  the 
pregnant  females  attaining  such  dimensions  that  it  is  impossible  for 
tliem  to  leave  the  cavity  by  the  orifice  of  entrance.  The  ants  have, 
then,  undertaken  the  raising  of  cochineals  within  the  internodal  cav- 
iticH  of  the  Kibara.  The  orifices  of  entrance  to  these  stables  seem 
certainly  to  be  their  work.  In  fact,  at  the  Vase  of  the  intemodo  there 
are  found  small,   superficial    perforations,   apparently  tho  result  of 
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abortive  attempts  at  penetration  made  by  the  ante,  the  resistance  of 
the  tissues  there  having  caused  them  to  abandon  the  effort,  which,  how- 
ever, easily  succeeds  at  the  upper  partof  the  internode,  where,  from  an 
early  age,  the  niedaDary  tissue  is  less  dense  and  the  peripheral  tiasnes 
less  resistant.  Perhaps  the  irritation  produced  by  the  ants  may  caose 
an  increase  in  the  diameter  of  theinterDOdes  and  of  their  cavity. 

The  ants  doubtless  render  to  the  Kibaras  services  of  various  kinds; 
first,  protection  Hgaiust  plant  eaters;  then  transportation  of  the  cocbi- 
neals  to  a  location  where  they  will  be  less  injnrions  than  upon  the 
yonug  and  undeveloped  parts;  finally,  fertilization  of  the  flowers. 

Tbe  Kibaras  are,  in  fact,  moncecioas,  and  their  floral  structare  is 
such  tbat  their  fertilization  seems  impossible  without  the  intervention 
of  insects.  In  exchange  for  these  services  they  offer  these  ants  a  cavity 
for  lodgment,  and  very  likely  an  aliment  indirectly  furnished  by  the 
cocbineaU. 

The  Cecropia  adtnopug  is  a  plant  of  Brazil,  belonging  to  tbe  Aralia- 
cea',  tbiit  in  its  native  country  bears  the  name  of  Anthoiha  or  Imbauba. 
As  long  ago  as  lfi48  Marcgravo  said  of  it  "Totus  intus  cavns  a  radice 
ad  summnm  usque  et  cavitas  ilia  per  interstitia  semi  digiti  nbique  dis- 
tincta  et  transversali  membraua,  in  cnjns  medio  foramen  rotondum 
magnitudine  pisi.  In  liac  cavitate  reperiuntur  semper  formicaj  mbne 
ipsa  coloris  et  liepatici."  The  medullary  tissue  is  narrow  at  the  base 
of  the  trunk,  enlarging  above,  and  is  iutermpted  at  each  node  by  a 
ligneous  disk.  Two  consecutive  disks  thus  bound  a  closed  cavity  cor- 
responding to  an  intemode.  In  these  cells  the  ants  pursue  the  cnlture 
of  cochineals.  This  is  a  niyrmecopbilous  feature  similar  to  that  which 
Beccari  iminted  out  in  Kibara  formkarum  and  hospitans.  Belt  and 
Fritz  Miiller  have  studied  the  relatious  of  this  plant  to  ants.  Accord- 
ing to  the  latt«r  author  there  is  a  small  cavity  in  the  tipper  part  of  each 
intemode,  where  the  wall  of  tbe  iiit«rno<lal  chamber  is  thinner.  At  this 
point  a  pregnant  female  ant  makes  a  bole  in  order  to  penetrate  tbe 
chamber.  These  perforations  can  bo  plainly  seen  in  herbarium  speci- 
mens. Their  relati\'e  position  is  perfectly  regular,  and  they  can  by  no 
means  be  considered  as  accidentnl.  The  ants  once  installed  in  the 
chiimbers,  perforate  the  nodal  disks  and  may  thus  circulate,  under 
shelter,  throughout  the  entire  length  of  the  trunk  (Belt).  Three  species 
of  ants  frequent  the  Cecropia,  but  if  either  of  these  species  is  present 
the  others  are  not  found  upon  the  tree.  Fritz  Miiller  thinks,  on  the 
contrary,  that  perforation  of  the  disks  does  not  take  jtlace.  These  two 
opinions,  apparently  contradictory,  may  perhaps  be  easily  explained. 
Possibly  the  vaiious  species  of  ants  that  frequent  the  Cecropia  may  oot 
have  identical  habits.  Some  may  leave  the  disks  intact,  others  may 
perforate  them.  Each  of  these  observers  may  have  been  dealing  with 
a  different  species  of  insect.  Perhaps,  also,  they  did  not  observe  the 
tame  species  of  Cecropia.    The  Cecropia  adenopus  may  not  be  the  only 

ie  that  presents  a  hollow  st«m  separated  into  chambers  by  nodal 
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disks.     The  same  features  are  foand  in  most  of  tlie  species  of  that 
genns,  whicli  are,  without  doabt,  mynnecopbitoiis. 

The  utility  of  tlie  ants  for  the  Cecropia  they  iuhabit  may  consist 
eutirely  in  the  protection  tbey  afford.  This  protection  would  he  not 
only  against  plant-eating  animals,  but  also  against  cochineals.  We 
may  suppose  that  the  latter  are  transported  from  the  tiurface  of  young 
buds,  where  they  would  be  injurious  to  the  normal  development  of  the 
leaves,  to  the  cavities  of  the  stem,  where  their  injurious  action  would 
be  less.  The  ants  here  act  like  our  gardeners  who  free  hothontue  plants 
from  infesting  scale  insects.  But  the  honey  dew  of  cochineals  being 
endowed  with  nutritive  properties,  the  ants  do  not  destroy  them,  hut 
merely  transport  them  to  a  part  of  the  plant  where  their  life  is  more 
compatible  with  the  normiil  evolution  of  the  vegetable.  There  would 
thus  be  e-stablished  a  consortium  of  three  members — between  the  plant 
ou  one  band  and  the  cochineals  and  the  ants  on  the  other. 

UiM>n  the  Vordia  Geragi-anthog  ve  flud  enlargements  of  the  branches 
that  are  terminated  by  axes  of  inflorescence.  Into  these  eidargements 
the  auts  make  openings,  using,  perhaps,  the  place  where  some  little 
hud  is  implanted.  The  cavity  of  the  enlargmcnt  at  first  contains  a 
flocculeut  ttasne  that  the  ants  remove  so  that  they  may  arrange  within 
the  cavity  disks  like  a  sort  of  pasteboard.  In  this  domicile  the  auts 
pnrsue  the  raising  of  cochineals.  It  should  be  noted  that  these 
enlurgemerits  do  not  appear  to  he  constant  in  the  species. 

In  another  species  of  the  same  genus,  Cordia  uodoga,  the  internodes, 
especially  those  bearing  the  inflorescence,  are  enlarged  and  hollowed 
near  the  insertion  of  the  opirasite  leaves.  The  cavity  communicates 
with  tlie  outside  by  an  orifice  situated,  not  laterally,  as  in  the  preced- 
ing species,  but  at  its  top.  Both  cavity  and  opening  seem  to  be  natural 
and  not  affected  by  the  agency  of  ants.  In  cavities  not  yet  visited  by 
ants  the  internal  surface  is  invested  with  stiff  scattered  ridges,  some  of 
which  hang  over  the  opening.  In  this  species  the  lodging  organ  is 
forme<l  hereditarily  all  ready  for  occupancy  by  the  ants  withont  any 
preliminary  labor  on  their  part.  The  myrmecophilous  features  merely 
outlined  in  the  first  species  of  Cordia  would  thus  attain  their  perfec- 
tion in  the  second  and  their  origin  be  purely  hereditary.  This  is  an 
excellent  examp'^  "f  tl""  fixation  of  a  charsicter  primitively  accidental, 
and,  so  to  sjieak,  teratological.  If  the  ants  vary  the  place  of  penetrat- 
ing the  lodging  cavity,  the  opening  they  make  will  not  tend  to  become 
hereditary — that  is  to  say,  to  reproduce  itself  independently  of  their 
action.  This  is  the  case,  for  example,  in  Acada  cornigera  and  the 
Endoapermums.  But  if  the  ants  always  make  their  opening  at  the 
same  point,  the  lesion  tends  to  become  a  part  of  the  morphologic  plan 
of  ttie  vegetable.  The  point  of  lesion  in  the  ancestor  becomes  a  point 
of  less  resistance  in  the  descendant — that  is  to  say,  a  point  where  the 
antH  can  make  an  opening  with  the  greatest  facility,  as  the  wall  of  the 
lodging  organ  would  there  be  thin  and  easily  perforable.     In  those 
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types  in  wbicli  myrmecophiloua  evolution  is  most  advanced  the  iter- 
foratiou  will  become  hereditary  and  the  cavity  of  the  lodging  organ 
communicate  with  the  exterior  independently  of  any  action  on  the  part 
of  the  ants  {Clerodendon  JUtulosum). 

Ill  all  the  cases  we  have  reviewed  the  ante  do  not  seem  to  have  estab- 
lished tliemselves  in  organs  whose  differentiation  relates  to  the  habitat 
of  the  host  plant.  A  considerable  number  of  host  plants  are  epiphytes, 
subject  to  peculiar  physical  conditions.  They  have  to  especially  strue- 
gle  against  drought,  and  a  number  of  them  possess  in  their  organs  tme 
reservoirs  of  water.  The  best  known  of  these  myrmecoph  iloas  epiphytic 
plants  are  the  Myrmecodias  and  the  Rydnopkyturtm.  We  will  dwell 
e8i)ecially  on  the  former  because  of  the  interesting  observations  that 
have  been  made  ujKin  fhem. 

The  jVy rmeeorf/o*  iind  Hydnophylums  are  epiphytes  belonging  to  the 
Itubiacem  and  attach  themselves  by  ineaus  of  adventitious  roots  to  the 
branches  of  trees,  often  at  a  considerable  height.  These  plants  are 
almost  wholly  formed  of  large  tubercles,  globular  or  cylindrlc  in  form, 
surmounted  by  one  or  more  leafy  stems.  These  tubercles,  which  may 
be  either  smooth  or  prickly,  enlarge  so  as  to  attain  several  decimeters 
in  diameter,  (PI.  XX.)  Instead  of  forming  a  solid  mass  their  internal 
tissue  is  traversetl  by  a  system  of  inten'ommunicatiog  cavities  and 
passages  that  open  externally  by  one  or  more  quite  large  openings  and 
numerous  narrow  orifices  Bcatteretl  over  the  entire  surface  of  the 
tal>ercle. 

All  those  who  have  collected  these  strange  plants  in  their  natural 
habitat  have  found  their  tubercles  inhabited  by  ants  scattered  in  great 
numbers  throughout  the  galleries  and  passages.  It  was  liumphius,  the 
old  explorer  of  the  Malay  Archipelago,  who  first  called  attention  to 
this.  According  to  him  the  ants  not  only  inhabit  the  tubercles,  but 
they  produce  the  entire  vegetable.  "This  is,"  he  says,  "a  strange  crea- 
tion of  nature  springing  up  without  father  or  mother,  •  •  "  for  it  is 
known  that  these  plants  spring  from  the  substance  of  the  nests  of  auts 
where  there  can  never  have  been  any  seeds,  aud  yet  each  colony  forms 
a  separate  plant."  Rumphius  then  distinguishes  two  kinds  nf  Xidta 
germinani,  according  to  the  species  of  ants  found  therein:  Siduager- 
minanx  formicarum  rubrarum — that  is,  a  Myrmecodia,  and  Nidus  ffermi- 
nans  Jormicarum  nigrarum — that  is,  a  Hydnophytum, 

It  was  Beccari,  the  eminent  explorer  of  Malasia,  who  made  the  first 
accurate  observations  upon  the  biology  of  these  curious  Bubiacete  and 
their  relations  to  ants.  These  observations  led  him  to  suppose  that 
the  presence  of  the  insects  was  indeapensable  to  the  plant.  He  thought 
he  had  ascertained  that  at  the  time  of  germination  the  tigellus  merely 
thickens  a  little  at  the  base  and  takes  on  a  conical  form  with  the  coty- 
ledons opening  at  the  summit  (Fig.  2,  Noa,  1-5,  PI,  XX),  thus  remaining 
otil  a  species  of  ant  hollows  a  little  cavity  in  its  side  at  the  moat 

-ollen  part  of  the  tigellus.    If  the  tigellus  is  not  attacked  by  the  ant 
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the  i>lantdieB;  in  tlie  contrary  case  the  wonnd  made  by  the  insect  causes 
a  cousiderable  development  of  cellular  tissue,  the  tubercle  eularges,  the 
stem  develops.  (Fig.  2,  Nos.  6,  7,  PI.  XX.)  Soon  the  ants  find  a  suffi- 
cient space  in  which  to  found  a  colony,  and  tbey  excavate  within  the 
tubercles  galleries  in  all  directions.  If  this  view  is  correct,  these  plants 
could  not  live  nor  deyelo]>  without  ants.  These  insects  mnst  contribute 
to  the  formation  of  the  organ  that  is  to  be  the  water  reservoir  of  the 
pliiiit.  But  on  the  other  band  tbe  antti  could  not  live  and  reprodnce 
their  kind  if  they  bad  not  at  their  disposal  plants  in  which  tbey  could 
coiistract  such  a  living  home. 

According  to  Becciiri  tbe  tubercles  of  tbe  Myrmeeodiat  and  Hydno- 
phytumt  are  products  primitively  foreign  to  tbe  plant.    They  are  devel- 
oped iu  the  same  way  that  galls  or  cecidia  are — that  is  to  say,  tbey  are 
produced  upon  vegetable  organs  in  consequence  of  irritation  caused  by 
varions  insects.    There  is  a  striking  analogy  of  form,  and,  indeed,  of 
internal  structure,  between  these  tubercles  and  a  certsiiu  gall  formed  by 
a  ciircnlio  of  the  genus  Centorynehua  on  the  root  of  the  garden  cabbage. 
Tbe  larva  of  this  insect  fee<is  exclusively  on  the  corticnl  portion  of  tbe 
root.     As  fast  as  this  food  is  consumed  a  new  generating  layer  prolif- 
erates and  replaces  the  destroyetl  tissue.    The  life  of  the  insect  is  per- 
fectly compatible  with  that  of  the  plant.     It  iujures  no  essential  organ, 
and  tbe  losses  to  which  the  plant  is  subjected  are  comiiensated  for  by 
the  hypertro])by  of  the  tissues  under  tbe  irritation  caused  by  the  insect. 
This  aiialo(;y  between  the  tubercles  of  the  Myrmecodia  and  the  gall 
formed  on  the  cabbtige  by  the  Centorynchta  may  suggest  the  hy[>otheais 
that  these  tubercles  are  organs  whose  development  must  have  been 
caused  by  a  parasitic  lesion  made,  jwrhaps,  by  ants,  which  are  known 
to  attack  for  food  vegetable  tubercles — iwtatoes,  for  example — an  we 
have  ourselves  seen.    This  lesion  might  be  at  first  merely  compatible 
with  the  life  of  the  plant,  then  useful  to  it,  by  the  adaptation  of  the 
injured  and  hypertropbied  organ  to  an  organ  for  the  storage  of  water. 
Fixed  by  selection,  this  character,  at  tlrst  accidental,  would  finally 
become  hereditary.     In  order  to  kriow  what  credit  to  give  this  hypoth- 
esis it  is  necessary  to  study  in  detail  the  existing  relations  b(>tw<>en  the 
auts  and  the  Myrmecodia*.    There  is  no  doubt  that  ants,  even  iu  our 
own  countries,  sometimes  establish  themselves  within  certain  galls  that 
have  been  abandoned  by  the  inst-ct  that  produced  tbem.    Such  is  the 
case  with  a  gall  formed  upon  the  Cynara  cardimcvlug  by  a  curculionid 
larva  (Larinusf). 

Is  there  between  tbe  Mymtecndias  and  the  Ilydnophytums  on  the  one 
side,  aud  the  ants  on  the  other,  a  reciprocal  exchange  of  services, 
mutualism,  symbiosis  in  the  strict  sense  of  the  word,  or,  indeed,  ran  not 
those  plants  do  without  the  ants;  are  not  the  insects  merely  commen- 
salt  The  interesting  researches  of  Treub  upon  a  Javanese  species  of 
^yrmecodia  allow  us  to  partially  answer  these  questions. 
We  most  first  study  the  structure  of  the  young  plant,  theu  the 
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vbunges  that  occur  in  its  (isancs  up  to  the  time  vben  tlie  yoou^  tober- 
cle  h-As  an  external  opening  giving  access  to  an  internal  gallery. 

The  ttrst  cavity  or  gallery  in  the  young  tubercle  is  uot  faoUowed  oat 
by  the  ants.  It  do«^s  uot  start  (rotn  a  lesion  or  the  peripheral  ttssne, 
due  to  insects,  but  is  the  resnltof  an  internal  differentiation.  AtraDs- 
verse  section  of  a  young  tnbercle  shove  a  i>ai«ochymatons  homogeue- 
ous  mass,  inclosing  in  its  center  a  libero-ligneous  fascicle,  and  limited 
at  the  periphery  by  an  epidermic  layer.  The  growth  and  sabdivision  4»f 
the  parenchymatous  cells  produces  a  thickening  of  the  tubercle,  at 
whoso  periphery  is  formed  a  generating  layer  of  cork.  In  prxiportioD 
as  the  tubercle  grows,  it  forms,  at  the  expense  of  some  of  the  parencby ■ 
matous  cells,  new  libero-ligneoiis  fHseicles,  arranged  parallel  to  the  sor- 
face  of  the  tnbercle,  and  soon  becoming  connected  by  transverse  anas- 
tomoses, not  only  with  each  other  bnt  with  the  fascicles  of  the  stem  and 
of  the  root.  The  formation  of  th&se  peripheral  fascicles  indicates  tbe 
beginning  of  the  first  gallery.  A  generating  zone,  parallel  to  tbe  sdr- 
t»ee  of  the  tuliercle  and  situated  deeply  within  its  mass,  begins  to  dif- 
ferentiate. All  the  i>arenchymatons  material  that  it  incloses  in  its 
interior  then  begins  to  dry  up.  This  dessication  brings  abuntamptare 
of  this  material,  and  there  is  thus  formed  the  beginning  of  a  central 
cavity  cironmsiTibetl  by  a  htyer  of  cork,  the  resolt  of  a  differentiatitm 
of  tbe  generating  sheet.  This  cavity,  cylindrical  in  its  general  form. 
extends  tu  two  directions.  Above,  it  ends  in  a  vanlt  near  the  insertion 
of  the  stem,  properly  si>  calle^l ;  below,  it  approaches  the  periphery.  At 
last  it  c«>ustitntes  a  gallery  ne;)rly  in  the  axis  of  the  plant,  lined  with  a 
l»>~erorcork  and  iMelt>siugadoccnlent  matter,  the  remains  of  the  primi- 
tive jKtrencUyniat^His  tissne.  The  gallery  is  separated  from  the  exterior 
by  a  tliin  peripheral  hiyer  of  cork  wliicb  soon  tears  and  i>ermits  eoin- 
mnnit-ation  frrnu  wiihoiit- 

Thees.->etin^)l  |»>iiit  is  that  the  generating  layw  results  from  an  inter- 
n»l  ditVerennaiiou,  am)  nor  as  a  conseiinence  of  tbe  sting  of  aa  insect. 
Tins  "renenuiiig  layer,  which  Mwaril  (he  interior  of  the  tubercle  pro- 
dui-t's  i-ork,  furms  e\tenia!!y  {larenchyma,  which  coutribates  to  the 
iiK'rense  in  tliiikiiess  of  tiie  tu!>en-le.  In  pn>|M>rtiaii  as  tbe  taben-Ie 
(hit-ki'iis  the  iiuiiiIht  of  gallvries  that  traxerse  it  inciwises.  The  new 
galleries  are  rornuil  by  a  imx-ess  iilei:tii-al  with  that  whicli  gave  rise  to 
Ihe  lirst  g^^t'.lery. 

Alili>'!ij:ii  the  lir-t  g;i;:ory  i*  sp-itit.JtirtMisly  formed  in  the  yoang 
tulH'TxIe,  It  is  i^v-isii'le  ih.tt  ilie  l:yp.«.>iyk>us  axis  did  not  thicken 
enough  to  prMiliu'^  st  v  tUoi'.;  ;L,e  st::r.u'.us  of  an  ant.  by  a  bile  perba|ts 
iiiiper>vpti','le,  Uui  :lit-  lower  iKirt  of  tli.-t  Axis comaietieeti  to  thicken  as 
«^*riy»s  ;he  rirsl  s:j^e  of  ^er-:;-.u,K;oK  Si.lM'LXX'.  Why  sboold  not 
that  siHw:,»;:iv;is  iSiiOKe::::^  »■»>::  :i;;;:tf  f  WV  may  add  that  the  j~oaDg 
tubfivie  is  prviviklf^i  «::h  t-^:t>r\';-'.i\"-  3i=-d  >rja  aseaKilale  even  at  the 
t'  -*  ixvt^Utior.s  are  yet  u.vUvitfil  :u  their  seaainal  envelope. 

^  fU  to  th«»  o'.>$eoati«-as,  ilie  sttag  gr  bite  <tS  ao  ant 
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apparently  U  not  oecesHary  to  induce  tlie  primary  tliickeiiin^!;  of  the 
inbercle  nor  the  formation  of  the  internal  cavitieij.  An  importunt 
observation  of  Keccari  is  opposeil,  however,  to  these  eonclusions.  He 
uoticeil  that  only  those  plantlets  increased  in  volume  that  were  pmvided 
with  a  sniall  cavity  at  the  base  of  the  enlareeincnt.  Tbose  that  did  not 
have  tbitt  rapidly  perished,  lie  BU|>poBea  that  the  cavity  in  queation  i-t 
bolloweil  out  by  ants.  The  irritation  ]>roduced  by  these  insects  would 
tben  be  absolately  indiH]>en  sable  for  the  pro|>er  development  of  the 
plant  let. 

A  demonstrative  experiment  still  remains  to  be  made:  to  sprout  the 
seed  and  obtain  hollow  tubercles  without  the  intervention  of  ants.  This 
has  not  been  done  nji  to  this  time,  for  in  tropical  countries  the  abun- 
dance of  ants  is  such  that  under  tbe  conditions  proper  for  the  develop- 
ment of  the  plantlets  we  can  never  be  sure  that  no  ant  has  approacbe<l 
the  germinating  seed.  But  there  is  a  very  diret^t  and  very  conclnaivc 
experiment  dne  to  Treub,  which  is  as  follows:  Transi>orted  from  their 
norma)  habitat  into  tropical  botanical  gardens,  the  tubercles  are  aban- 
doned by  the  red  ants  that  inhabit  them  in  the  forest.  Very  often 
these  are  replaced  by  little  black  ants.  In  spite  of  this  change  of 
inhabitants  the  plant  continnea  to  tlouriab,  its  tubercle  enlarges,  new 
galleries  arc  formed  in  it,  new  leaves  are  proilaced,  and  fructification 
ensues.  It  appears,  then,  that  if  tbe  presence  of  ants  is  necessary  to 
the  plant,  it  is  not  a  particular  species  of  ant  that  is  required.  But 
this  is  not  all.  The  majority  of  the  tubercles  c^namence  to  rot  at  the 
time  of  their  transi>ortation,  and  this  rotting  causes  the  flight  of  the 
ants.  At  the  end  of  a  certain  time  tbe  tubercles  again  become  swollen 
and  healthy,  again  commence  to  grow,  to  thicken,  and  to  form  new 
galleries,  and  all  this  in  the  absence  of  ants. 

The  ants,  then,  are  not  at  all  indispensable  for  the  renewal  of  develop- 
ment in  tbe  adult  plant.  From  the  experiments  of  Treub  we  can, 
indeetl,  deduce  but  one  fact :  that  in  the  adali  state  certain  MyrmecoSias 
can  dispense  with  the  presence  of  ants.  We  do  not  yet  know  whether 
this  is  the  case  with  young  plants,  whether  in  the  absence  of  ants  a 
Myrmecotlia  can  pass  through  all  stages  of  devehi]mient  from  the  germ 
np  to  the  adult.  In  certain  species  of  this  genus  the  myrmecopbilism 
may  be  facultative,  in  others  obligatlve. 

Beccari  justly  remarks  that  the  tissue  which  lines  tbe  galleries  has 
all  the  characters  of  a  young  tisane  likely  to  actively  proliferate  and  to 
react  energetically  to  any  irritation  that  might  be  caused  by  the  pres- 
ence of  ants.  Its  reaction  to  irritation  might  take  the  form  of  a  pro- 
liferation of  its  constituent  elements,  as  occurs  in  the  tissues  of  a  newly 
formed  leaf  when  it  is  subjected  to  the  irritation  caused  by  a  gall- 
insect.  The  irritation  proilueed  by  ai)ts  upon  an  adult  tissue  would 
notcaaaethe  proliferation  of  its  elements,  tbongh  it  might  easily  do 
this  upon  young  tissue. 
Thoagh  direct  proofa  are  wanting,  we  are  yet  authorized  in  some 
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degree  to  continue  to  admit  with  Beccari  that  it  is  the  i>re8eu<.-e  of  tbf 
auts,  dwellers  iii>oii  the  Mynntvodiag  {Iridotnyrmex  cordata  var.myrme 
eodia),  that  leads  to  the  fornnitioi]  of  the  first  gallery  iu  the  tubert-le. 
These  auts  must  have  perfonited  the  epidermis  and  penetrated  ini<»  the 
central  cavity  of  the  hyjiocotyl,  the  irritation  tliey  produce^l  there 
determining  the  hypertrapliy  of  the  latter  and  transforming  it  into  a 
taUerule.  As  tlie  tubercle  at^ts  as  a  reservoir  of  water,  the  plantlrt 
that  is  deprived  of  it  is  necessarily  oondemuetl  to  perish  as  soon  as  the 
drought  afi'ects  it.  The  develo|)uiei]t  of  the  leaves,  which  are  organs 
of  transpiration,  beuce  occasioning  a  loss  of  water,  does  not  occur  nntil 
after  the  development  of  the  tubercle,  the  water  storer.  Kow  the  auts 
invade  the  hypocotolous  axis  when  it  is  surmounted  merely  by  the  two 
cotyledons. 

Let  as  now  examine  another  point.  Are  the  ants  oa{>able  of  making 
perforations  and  of  hollowing  nut  the  galleries  in  the  tubercles? 

The  examination  of  species  oC  Myrmecodia  is  especially  instnictivi' 
in  regard  to  this  matter.  M.  bullosa  shows  at  the  base  of  its  tubercle 
a  few  o[)enings  (one  to  four)  of  qnite  narrow  galleries  that  end,  at  the 
periphery  of  the  organ,  in  cavities  somewhat  similar  to  the  cells  oT  a 
honeycomb.  In  these  reccsaes  there  are  very  mimerons  colonies  of 
auts,  and  ventilatiou  i.s  difficult.  To  avoid  the  danger  of  asphyxiatioD 
the  ants  i)ertbrate  the  outer  walls  of  the  galleries  with  miunte  holes 
that  dot  the  surface.  The  surface  of  the  tulwrcle  of  M.  ulata  has 
small  gibbosities  corresponding  to  the  blind  ends  of  certain  galleries 
(fig.  fi).  Around  these  eminences  arc  also  seen  smull,  dot-like  venti- 
lating holes  that  may,  by  becoming  conJiuent,  caase  the  detachment  of 
the  cover  closing  in  the  gallery,  and  thus  make  a  new  entrance  to  the 
passage. 

It  would  be  ascribing  a  very  high  degree  of  intelligence  to  the  ants  to 
admit  that  they  could  corro<le,  from  the  outside,  a  circular  series  of 
points  exactly  corresjiondiug  to  the  bottom  of  the  gallery.  They 
undoubtedly  form  their  ventilators  by  working  from  within  outward 
npon  the  inner  wall  of  the  gallery.  The  corrosive  liquor  (probably 
saliva)  secreted  by  the  ants  not  only  destroys  the  cells  with  which  it 
comes  iu  contact,  but  also  causes  the  formation  of  a  cicatricial  tissue 
that  borders  the  |>erforat)ngoiiening.  There  also  seems  to  be  no  doubt 
but  that  the  ants  continually  increase  the  diameter  of  the  galleries 
when  the  dinieusiona  of  these  passages  become  too  narrow  for  their 
needs.  In  fact,  ouce  stripped  of  the  dead  Hocculcnt  tissue  that  at  first 
flUs  tliem,  the  galleries  have  a  constant  tendency  to  fill  up  by  reason 
of  the  internal  proliferation  of  the  layer  of  growing  tissue  that  lines 
them.  The  ants  must  remove  this,  as  it  constantly  tends  to  invade  the 
gallery  and  decrease  its  caliber. 

It  is  evident  that  the  presence  of  galleries  within  the  tubercle  does 
not  in  any  way  assist  tlie  fnnction  of  that  body  as  a  reservoir  of  water, 
^till,  it  may  be  admitted  that  the  galleries,  as  asylums  for  ants,  serve 
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tlie  |>Iant  ini]ire<;tly  in  its  straggle  agaiust  droagbt.  The  irritatioD 
produced  by  the  insects  causes  au  hypertroi»by  of  the  tubercle  and 
consetiueut  increase  in  the  size  of  the  reservoir.  If  tlie  galleries  wore 
primai-ily  the  work  of  anttt,  they  niust  have  been,  on  general  priituiples, 
unfavorable  to  tbe  pliiut,  which  has,  however,  by  progressive  adap- 
tation, tinally  utilized  them. 

Ou  reflection  we  are  led  to  believe  that  the  labyrinth  within  the 
tubercle  must  be  a  foitiire  very  useful  to  the  plant.  It  permits  an 
active  circulation  of  atmospheric  air  within  tbe  tubercle,  and  tbe  pres- 
ence of  oxygen  may  be  necessary  for  the  elaboration  of  certain  nutritive 
priD<;iplc8  within  its  tissue.  But  the  utility  of  this  feature  seems  to  be 
of  aiiotlier  kind.  The  suggestion  we  are  about  to  offer  has  not  been 
I>roiM>8ed  by  any  of  those  who  have  occupied  themselves  with  the  study 
of  these  ;>lants,  yet  we  tbink  it  merits  attention.  The  corky  layer  that 
invests  the  entire  surface  of  the  tubercleisai)obstaclut.o  gaseous  inter- 
change between  that  body  and  tbe  exterior,  t^uch  interchange  can 
only  take  place  by  means  of  tbe  uir  that  circulates  in  tbe  galleries. 
There,  too,  it  can  only  be  eflected  by  the  lenticela,  since  the  internal 
surface  is  also  lined  with  a  corky  layer,  except  where  these  lentieels 
are  found.  Now,  sudden  changes  in  the  hygrometric  state  of  the  sur- 
rounding air  will  be  but  slowly  transmitted  to  the  air  of  the  galleries, 
and  it  is  this  hygrometric  state  that  regulates  the  interchange  of  water 
vapor  between  the  tubercle  and  its  environment.  The  presence  of  the 
labyrinth  of  galleries  would  then  permit  the  plant  to  a<lapt  itself  more 
readily  to  the  hygrometric  changes  in  the  circumambient  air,  which 
changes  must  be  smtden,  owing  to  the  epiphytic  situation  of  the  plant. 
In  case  of  drought  the  plant  finds  in  its  tubercle  a  reserve  of  water,  its 
fleshy  leaves  transpire  but  little,  and  finally  the  air  of  the  galleries  is 
nearer  the  point  of  saturation  than  is  the  surronadiug  air.  Hence  the 
transpiration  of  water  by  the  lentieels  is  less  thau  it  would  be  if  they 
were  exposed  to  the  dryness  of  the  surrounding  air. 

Someof  the  walls  of  tbe  galleries  of  the  Myrmecodia  arc  smooth,  others 
(PI.  XX)  studded  with  little  prominences  that  might  a  priori  be  sup- 
posed to  be  glands  for  absorbing  nutritive  principles  derived  from  the 
decomiH)sition  either  of  the  carcasses  of  ants  (a  rare  ciise,  since  the 
dead  are  usually  dragged  out  of  tbe  nest),  or  of  detritus  occasioned  by 
the  work  of  those  iusects.  Treub  has  made  a  careful  study  of  these 
prominences  and  h»s  shown  that  they  are  internal  lentieels,  differing 
but  little  from  the  ordinary  external  lentieels.  It  is  well  known  that 
the  function  of  the  cellular  masses  forming  the  lentieels  is  to  supply 
atmospheric  air  to  the  tissue  of  the  plant.  The  lentieels  of  Myrmecodia 
diflVr  from  those  of  other  plants  by  absence  of  the  central  aeriferous 
passages;  but  all  about  them  the  files  of  peripheral  cells  are  filled  with 
air,  and  this  may  compensate  for  the  lack  of  passages  between  the 
central  flies.  It  is  also  possible  that  certiiiu  protoplasmic-bodied 
CfllU  that  Borroaud  the  lentieels  like  a  collar  serve  to  elaborate  and 
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tranefonn  uutrilive  principles  in  presence  of  tbe  abnudunt  free  oxygea 
brongbt  to  tbeni  by  tbe  active  circalation  of  air  in  tbe  cavities  of  the 
tnliercle. 

Beccari,  on  tbe  contrary,  is  inclined  to  consitkr  tbe  eminences  that 
stud  the  galleries  not  as  leuticels;  bat  as  organs  of  absorption  aniUogouji 
to  Uiose  of  moistnre-Ioving  plants  {Coralhrhiza,  Jipipogium,  Trimlia. 
etc.).  Itmaybe  remarked  thatcertain  terrestrial pnrai^ites,  aaclias  tbe 
Balanophoreas  possess,  on  tlicir  parts  that  come  in  contact  with  the 
soil,  organs  qnite  similar  ill  nppearancc  totbelenticels.  It  is  with  these 
appnroiitly  absorbent  organs  tbat  Beccari  correlates  the  internal  emi- 
nences of  tlic  galleries.  It' this  supposition  is  correct,  tbe  interior  of  tlie 
gallerieti  bristles  with  true  internal  roots. 

Tbo  figure  given  by  Treub  of  tbese  leuticels  in  course  of  formation 
reinindH  one  of  tbe  formation  of  a  callus  upon  tlie  cut  snrface  of  a  cat- 
ting. The  conditions  tbut  determine  the  formation  of  this  f^allas— -dark- 
ness, moisture,  beat,  a  nntritive  environment — iire  realize<l  in  the  gal- 
leries of  tbe  Mgrmecoilia.  The  functions  of  the  callus  of  a  cuttiug  are 
I»erha)is  absorbent.  A  cutting  upon  nbich  a  callus  is  formed  is  Riire  to 
'*take,"  which  is  about  the  same  thing  as  saying  that  the  absorptinn  of 
nutritive  substances  is  assured.  Certain  of  these  supposed  leDticels 
may  Ik-  transl'ormed  into  real  ulventitious  roots,  which  seems  to  con 
llrm  the  tbeory  that  tUeir  fuuctiou  is  absorbent.  In  spite  of  the  great 
(|uantity  of  nutritive  matters  they  contain,  tbe  lenticeU  are  never 
giutwe<l  by  ants.  There  ts  therefore  no  reason  to  consider  them  as  food 
bixties.  Tbese  lenticels  can  not  in  any  case  act  the  jkart  of  organs  that 
secn'te  digestive  ferments.  Their  absorbent  power  for  nutritive  sub- 
stances brought  friHii  without  is  slill  doubttiil. 

t>ne  point  remains  cstabhshed.  The  ants  penetrate  the  tubercle  of 
tbe  Murmi'twlia  and  live  there  because  they  find  an  ik^ured  shelter. 
Uut  it  wimld  Ih>  going  tiK>  far  to  say  that  they  render  no  service  to  tbe 
plant  on  which  they  Imlge.  Tbe  circulation  of  air  in  the  gallerie.s  of 
the  tulH'rcU'  is  prtibabty  indisttensable.  aud  tbe  presence  of  a  doccalent 
tis-sue  tlicrx-  is  well  i'.dcu1:tte«l  to  iiiiiKxle  circulation.  Perha|>s  the  ants 
trt'i'  tho  young  g-allevies  from  the  tlotvulent  mass  of  dried  cells.  Tiiis 
would  iK-a  i-iiseof  mutualism  quiteanal'>giuis  to  that  of  certain  acarids 
known  to  install  iheuis^'lves  uivui  the  fur  of  mammals  and  the  down  of 
bivds  tVir  ttie  puriyx^e  of  reuioving  epidermic  dt-btis  that  incamliers 
their  hairs  an.l  Io;Hhers,  Tbe  ant*,  like  tbe  aoarids.  act  tlie  part  of 
sraven!;ers. 

Tlieu>  ^>euis  to  l>e  i>o  iloul>t  hiii  ihLtt  ant«  may  form  an  army  of 
ditViidi-rs  useful  to  tbe  y'-v.-.x  in  tMse  it  is  attacked  by  plant-eating 
.)tii:ii.)K  It  is  an  est^tM'.sheil  :';t.'i  tU.tt  if  a  tubercle  inhabited  by  the 
anis  IS  sivHvi..  even  sl:^';;;y,  ihousai.ds  ar^-  seen  to  emerge  and  swarm 
en  t*e  stiri.tiv,  rw:::i':  nij:  l'..<:r  dv'atii:>  as  stx.^  as  the  dau^r  is  past 
Hut  (1  s  bis  in>(  ■•^viv  »Uaio:is::'Ji;i'd  u:t>:i  pl.c^its  in  their  natural  wilds. 
r[  (-1,0  »sl  'v'v  au:s  iu  h  c'.i:::a;;\.'u  is  dtxibauL    the  JfyiwauWiai 
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appear  to  be  normally  self-fertiliziiig.  Siuce  tlieir  flowers  liave  no 
nectaries  for  attracting  injects  suitable  for  effecting  fertilization,  ve 
can  not  say  that  the  ]>re8euce  of  ants  on  tbe  surface  of  the  plant  tends 
to  drive  away  apterous  inaects  tbat  might  appropria>te  the  nectar  without 
profit  to  the  plant. 

I'erbaps  tlie  ants  might  in  certain  cases  assist  in  transporting  the 
seeds  of  the  plant,  which  are  covered,  like  those  of  the  mistletoe,  with 
a  viscous  matter;  but  soch  disseiniualion  seems  to  be  elTected  more 
coiu>n«>nly  by  catiwphagous  birds,  who  carry  them  from  one  tree  to 
another,  or  by  the  rain,  that  washes  them  from  tlie  upper  to  tbe  lower 
branches  of  the  same  tree.  Therfi  seems  to  be  no  doubt  but  that  the 
Myrmecodias  and  the  Hydnopktunis  are  derived  from  Bubiacem  that 
were  primitively  terrestrial  or  but  feebly  epiphytic.  Their  affinities 
with  Uragoffa  are  very  strong.  Usually  epiphytic  plants  need  for  their 
development  a  small  quantity  of  vegetable  detritus  in  which  their  seed 
can  be  sheltered  while  germinating,  j^ormnl  epiphytes  are  not  pro- 
vided, as  are  these  Uobiacea',  frith  fruits  having  viscous  pulp  that 
caases  their  seed  to  adhere  to  the  surface  of  tbe  bark  ui>on  which  they 
fail,  aud  would  be  unable  to  gain  a  lodgment  on  such  a  surface. 

These  Knbiaceie  seem,  in  fact,  to  be  intermediate  forms  l>etween  tbe 
normal  epiphyt«s  and  the  parasites,  such  as  the  Loranthaccie,  which 
are  likewise  provided  with  viscous  fruits  (mistletoe)  whose  dissemina- 
tion is  efl'ected  by  fruit-eating  birds.  The  seeds  of  these  Rubiaceu!  are, 
at  the  time  of  their  germiuation,  peculiarly  situated.  Subject  to  desic- 
cation, which  is  very  likely  to  occur  upon  the  surface  of  the  bark,  they 
can  not  borrow  from  the  tree  on  which  they  rest  the  moisture  necessary 
for  their  life,  as  do  the  plantlets  of  )>arasites.  They  must,  therefore, 
create  for  themselves  a  store  of  water.  This*  is  done  by  the  thickening 
of  their  hypocotylous  axis,  wliich  enlarges  into  a  tubercle  that  acts  as  a 
reservoir. 

Beccari  sup]>oses  that  the  formation  of  the  flocenlciit  tissue  of  the 
tubercle  is  a  consequence  of  this  mode  of  development  combined  with 
alternations  of  dryness  and  moisture.  But  this  tissue  develops  from  an 
internal  generating  layer,  aod,  since  it  is  composed  of  dead  and  dried 
cells,  it  seems  more  logical  to  suppose  that  It  results  from  the  starvation 
of  such  cells  because  of  the  formation  about  them  of  a  corky  layer  that 
deprives  them  of  all  nutritive  material  and  vascular  connection.  This 
would  be  an  example  of  true  parasitism  of  one  tissue  in  relation  to 
another,  the  generating  layer  acting  like  a  parasite  as  regards  tbe 
central  parenchymatous  layer. 

Since  Treub  has  not  followed  the  complete  evolution  of  a  Myrmecoitia 
from  its  germination  up  to  its  adult  state,  we  may  admit  the  opinion  of 
Beccari  until  a  formal  demonstration  of  its  error  shall  be  furnished. 
According  to  this  author,  though  tbe  ants  may  not  at  the  present  time 
^  necessary  for  the  formation  of  the  bulbiform  enlargement  of  the 
hypocotylona  axis,  they  are  required  for  its  fbture  growth.    To  state 
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tliis  ill  another  way :  The  plaiitletR  of  Myrmecodia,  without  the  lielp  nf 
aiits,  might,  indeed,  by  reason  of  their  hereditary  tendeucies,  com- 
mence  to  form  the  tubercle  but  would  be  unable  to  develop  to  a<lnit 
dimeiiBiouB. 

The  iuterveution  of  ants  must,  tlieu,  be  considered  as  indispensable  to 
the  life  of  the  plant,  since  tliey  contribute  to  the  development  of  the 
organ  that  serves  as  a  water  reservoir.  Were  there  no  ants  tbeir 
would  be  no  internal  reserve  of  water,  and  the  plant  would  be  exposed 
to  all  the  dangers  of  drougbl.  It  may  be  remarked  here  that,  accord- 
ing to  recent  researches,  a  similar  service  is  rendered  to  plants  that 
grow  in  the  sand  of  Sahara  by  nematode  worms,  that  act  on  their  sob- 
terranean  organs.  Tlie^e  worms  {Eterorlera,  noted  for  their  ravages 
on  certain  garden  vegetables,  jiarticularly  the  betterave)  cause  a  devel- 
opment of  hiHtologicul  elements  adapted  to  serve  aa  water  reservoirs. 

The  biologic  relations  of  the  ants  with  the  Myrmecodiaa  seem,  then,  to 
be  symbiotic.  The  symbiosis  is  not,  ])erliapB,  as  close  as  some  think, 
but  it  seems  difficult  to  deny  its  existence.  There  seems  to  be  good 
reason  to  suppose  that  if,  during  several  generations,  the  ants  shonld 
cease  to  visit  the  tubercles,  those  bodies  would  undergo  a  progressive 
atrophy,  or  at  least  be  reduced  to  the  state  of  solid  tubercles  without 
internal  cavities,  such  as  those  of  Pentapterygium  ( Facet iiitoH.)  serpent, 
for  example. 

The  lotlging  organs  of  several  myrmecophilous  orchids  have  a  great 
ret^emblance  to  those  of  tlio  Biibiacea-  we  have  jnst  been  studying. 
Wc  know  among  the  orchids  three  examples  of  which  there  can  be  but 
little  <loubt.  One  of  these  has  been  known  for  quite  a  long  time,  hav- 
ing been  already  mentioned  by  Eamphius.  It  is  that  of  an  epiphytoos 
orchid,  Orammatophglhim  *peciosum,  whose  pseud obulb  thickens,  even 
after  the  fall  of  the  first  leaves,  and  within  whose  fibrous  mass  auts 
establish  themselves. 

The  LecanopierU  dcparioiiJes  (a  fern)  has  a  rhizome  similar  to  the 
tubercles  of  Mgmietmtlia  and  Hydnophytum,  and  which,  like  tbem,  forms 
a  true  ants'  nest.  Within  thin  rhizome  there  are  hollowed-out  cravities 
and  galleries  that  are  at  lirst  filled  with  a  flocculent  matter,  analogous, 
doubtless,  to  that  of  the  Kubiacea'  above  cited.  The  ants  penetrate 
the  interior  of  this  rhizome  by  an  opening  situated  on  the  upper  pro- 
jecting imrt,  upon  which  the  fronds  are  inserted.  The  same  arrange- 
ment is  found  iu  /'.  »inuosiim,  on  the  surface  of  whose  rhizome  are 
found  circular  o|ieiiings,  indeterminate  as  to  situation,  that  seem 
undoubtedly  to  be  the  work  of  an  ant  {Iridomyrmexcordata),  the  same 
that  inhabits  Hydnophytum  petiolntiim. 

Certain  Melastomacei«*  are  likewise  epiphytic  and  myrmecophilous. 
Such  are  the  PacliyieiiinaM, epiphytic  or  pseodo  parasitic  plants,  whose 
branches,  interlacing  on  the  surface  of  tree  trunks,  give  out  a  great 
number  of  adventitious  roots.     I'jmu  these  roots  enlai^ements  are 

■uid  irregularly  spherical  in  8hat>ej  and  if,  as  freqottitly  bJappens,  sev- 
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era\  fiach  eiilargementB  are  coDtignoiis  on  tbe  name  root,  n  cbaplet  is 
thus  formed  with  more  or  less  regular  bends. 

It  is  admitted  that  tbese  tubercular  roots  mivy  offer  »a  asylum  for 
ants.  But  tbe  study  of  tbese  tropical  plants  is  as  yet  very  iuoomplete. 
We  can  uot  eveu  aflQrm  that  tbe  tubercles  are  hollow.  Many  appear, 
when  dry,  to  be  full  of  s^wiigy  tissue,  iooHcIy  arranged  toward  the 
center.  We  might  be  inclined  to  believe,  with  Beccari,  that  later  this 
tissue  is  destroyed  by  ants,  who  thus  hollow  out  a  regular  cavity 
within  these  tuberculous  roots.  But  it  should  be  noted  that  certain 
species  of  this  genus  have  tubercular  mouiliform  roots  that  are  entirely 
solid,  and  ouly  in  certain  specimens,  even  in  Kpecieswith  hollow  tuber- 
cles, do  we  find  [lerforatione  allowing  a  communication  between  the 
inside  and  the  exterior,  which  might,  ludoe<l,  have  easily  been  the  work 
of  ants. 

The  PachycentriM  do  not  seem  to  be  providetl  with  extra  floral  nec- 
taries capable  of  attracting  ants.  The  insects  are,  then,  attracted  to 
tbe  plants  only  by  the  chance  that  tliey  may  be  able  to  install  tbem- 
selves  in  tbe  tubercle.  But  it  shonld  be  noted  that  a  type  closely 
related  to  the  Pachycentriaa,  Vogonanthera  robusta,  has  a  linibus  pro- 
longed at  its  base  into  two  auricles,  decurrent  ui>on  the  ]>etiole,  that 
appear  to  be  nectariferous.  These  nectaries  attract  ants,  bnt  the  roots 
of  tbese  epiphytic  ])lants  are  not,  like  those  of  the  Pachycentrias,  (uber- 
cnliform,  but  normal  and  incapable  of  affording  lodgment  to  the  ants 
attracted  by  the  uectaries.  This  fact  may,  perhaps,  give  ns  a  clew  to 
the  way  in  which  biological  relations  were  flrst  established  between 
the  anta  and  tbe  PachycentriaH,  Tbe  anccMtors  of  tbese  hitter  plants 
were,  witbont  doubt,  like  the  Pogona  nth  eras,  provided  with  extra-nnp- 
tial  nectaries  frequented  by  ants.  These  ancestors  gave  rise  on  the  one 
liand  to  types  that  preserved  the  primitive  features,  as  in  Pogonattlhera, 
and  on  the  other  to  types  better  adapted  to  myrmecophiliBm,  as  in 
I'aehycentria.  The  ants,  impelled  by  their  hereditary  habits  to  visit 
those  plants  provided  with  foliary  nectaries,  continned  to  visit  them 
even  when  those  nectaries  were  undergoing  atroi)hy.  Profiting  by  the 
tendency  of  tbese  plants  to  form  tuberculous  roots,  they  have  progress- 
ively transformed  these  tubercles  into  ant  nests,  cnnsing,  by  tbe  irrita- 
tion of  their  presence,  a  more  marked  hypertrophy  of  those  organs.  In 
a  word,  the  PogonantheroM,  utilizing  the  protection  tbe  ants  afford 
against  plant-eating  animals,  may  have  found  it  a  real  advantage  to 
irive  those  insects  a  mere  asylum  instead  of  offering  them  nutritive 
matters  in  tbe  form  of  nectar.  It  is  evidently  an  economy  to  the  plant 
to  offer  simply  a  lodging  to  its  defenders  instead  of  both  food  and  lodg 
iug,  as  does  the  Aeada  cornigera,  for  example,  and  other  plants  that 
both  feed  and  shelter  tbe  ants.  If  we  a^-cept  this  interpretation,  which 
lias  only  the  value  of  an  hypotbesis,  we  would  be  led  to  regard  the 
Pogonantherat  as  having  economical  myrmeeophilous  features.  In  the 
Pogonantheras,  as  in  the  myrmeeophilous  Bubiaccie,  the  ants  take  up 
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their  abode  in  swollen  or^ns  tbat  act  as  water  reservoirs,  and  ronse- 
qneutlf  aid  tbe  plant  against  droogbt,  wbicli  may  become  suddenly 
serione  for  any  epiphyte. 

The  lod^ng  organs  of  these  plants  appear  to  be  purely  of  pbysio- 
logioal  origin.  In  otbcr  types  tbey  appear  to  have  had  primitively  a 
parasitic  origin.  We  have  already  spoken  of  tbe  analogy  between  the 
tubercles  of  the  myrmecophilons  Itubiace^e  and  certain  galls.  But  it 
is  more  than  donbtfnl  whether  tbe  origin  of  these  tubercles  was  primi- 
tively i>ara8itic  and  traumatic.  In  the  types  of  wbich  we  have  yet  to 
speak,  parasitism,  of  animal  origin,  seems  to  have  played  an  importaut 
part,  even  in  certain  cases  a  primordial  one,  in  tlio  formatioD  of  myr- 
mecophilons organs. 

We  will  first  fix  our  attention  on  tbe  myrmecophilons  features  of 

The  JHsehidias  are  Aselepiadaceae  of  the  farthest  Orient.  With  flex- 
ible stems  und  branches  tbey  twine  upon  trees,  and  are  especially  noted 
for  possessing  ap]iendages  in  the  form  of  pitchers.  These  are  gener- 
ally pendent  fi-om  tbe  branches,  and  into  them  plunge  adventitious 
roots  tbat  spring  from  tbe  supporting  peduncle  {PI.  XXI).  The  resem- 
blance of  these  pitchers  to  tbe  galls  ])roduced  on  the  leaves  of  various 
trees  by  aphides  of  tbe  genus  Pempliigns  is  snch  that  a  number  of  the 
early  observers  of  these  plants  considered  them  as  abnormal  organs 
caused  by  the  punctures  of  parasitic  insect*. 

The  morphology  of  these  curious  organs  lias  been  fully  elucidated  by 
the  researches  of  iTreub.  Tliey  are  modified  leaves.  The  normal  leaves 
of  DiscMdia  are  orbicular,  thick,  fle^by,  and  op)>osite.  A  pitcher  is 
merely  tbe  blade  of  a  leaf  whose  lower  surface  corresponds  to  the 
inner  surface  of  tbe  pitcher,  and  whose  petiole  iti  thicker  than  that  of 
normal  leaves.  We  can  get  a  perfectly  good  idea  of  tbe  formation  of 
these  organs  by  imagining  the  blade  of  a  normal  leaf  to  be  folded 
toward  the  ground,  then  turned  over  and  tbe  borders  brought  together. 
There  is,  besides,  a  change  of  growth  in  tbe  young  developing  pitcher, 
its  increase  being  almost  wholly  along  its  middle,  so  that  it  takes  the 
form  of  a  hood,  with  its  opening  first  turned  downward,  then  becoming 
gradually  set  more  or  less  upright. 

Tbe  XHschidiaa  have  opposite  leaves,  but  the  normal  leaf  opposite  the 
pitcher  usually  aborts.  When  tbe  young  urn  takes  on  the  form  of  an 
elongated  flask,  there  are  produced  upon  its  petiole  some  adventitious 
rt^ots,  of  which  those  arising  near  the  mouth  of  the  pitcher  enter  it« 
cavity.  A  full-grown  pitcher  usually  contains  one  or  two  long  adven- 
titious roots  provided  with  a  well  developed  system  of  radicles  (fig. 
1,  PI.  XXII).  The  internal  surface  of  these  pitchers  is  purple,  while 
their  external  surface  is  a  grayish,  glaucous  green,  like  that  of  the  sur- 
face of  the  stems  and  leave*. 

The  direction  assumed  by  the  pitchers  is  variable  and  merits  some 
')tiou.    Tbe  greater  number  are  hung  vertically  with  the  mouth 
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Upward,  but  there  are  also  some  tbat  are  horizontal,  and  others  erect 
with  their  closed  extremities  upward;  tbat  is  to  say,  preserving  the 
position  they  had  daring  their  formation. 

The  pitchers  of  the  DiscMdias  are  often  inhabited  by  ants.  Ueccari 
has,  for  this  reason,  saggested  that  an  irritation  produced  by  insects 
(perhaps  by  ants)  may  have  caused  the  abnormal  evolution  of  theso 
leaves  that  became  transformed  into  pitchers.  This  deformation,  in  the 
first  place  accidental,  may  have  became  hereditary  by  the  "indeflnito 
and  continual  repetition  of  the  phenomenon."  Allow  that  the  first 
cause  of  this  abnormal  evolution  was  parasitism,  which  is  a  tenable 
hypothesis,  yet  in  the  present  condition  of  things  there  is  nothing  that 
would  lead  us  to  ascribe  to  the  punctures  or  bites  of  insects  any  part 
in  the  formation  of  the  pitchers.  Whatever  may  be  the  part  played  by 
ants  in  this  formation  we  may  yet  inquire  if  any  biologic  relations 
exist  between  them  and  the  Diachidiaa  whose  pitchers  they  frequently 
inhabit.  Other  insects  rarely  enter  the  pitchers.  The  ants  found 
there  are  always  in  good  condition  and  generally  in  considerable  num- 
bers. The  pitchers  become  true  ant  nests,  sheltering  some  hundreds 
of  individuals  and  many  larvse.  The  ants  leave  the  pitcher  with  the 
same  ease  that  they  enter  it,  for  it  possesses  no  arrangement  for  retain- 
ing insects  that  have  entered ;  on  the  contrary,  the  adventitious  roots 
that  traverse  it  from  the  petiole  to  the  bottom  form,  with  their  numer- 
ous radicles,  a  sort  of  la<l(ler  leading  to  the  outside  of  the  flask.  When 
we  press  ft  pitcher  containing  ants  they  leave  it  in  groat  numbe,rs,  carry- 
ing their  larva;  and  their  nymplne.  It  should  be  noted  that  the  Dis- 
ehidiaa  may,  according  to  their  situation,  ofter  an  asylum  to  ants,  or 
grow,  independent  of  any  relations  with  them,  yet  presenting  absolutely 
normal  pitchers. 

We  might  snpiiose,  OQ  examining  these  curious  plants,  that  they  ought 
to  be  classed  as  carnivorous,  with  Nepenthes  and  Cepkalotua  (Drude), 
whose  foliary  pitchers  or  ascidia  are  regarded  as  veritable  traps  for 
insects,  capable  of  digesting  their  carcasses  and  absorbing  the  assimi- 
lable products  of  such  digestion.  This  is  not  the  place  to  discuss  vege- 
table carnivorism,  but  it  may  bo  well  to  rei:all  that  in  recent  times  the 
supposed  digestive  function  of  these  ascidia  has  been  ascribed  wholly 
to  the  putrefactive  bacteria  that  swarm  in  them  as  soon  as  they  oi)en 
(at  least  in  the  case  of  Nepentken).  The  absoqition  of  the  soluble  prod- 
ucts of  this  digestion  or  putrefaction  has  yet  to  be  demonstrated. 

Wallich  believed  that  the  pitchers  ot  DUchidia  generally  contain  ants, 
of  which  the  greater  number  are  drowned  in  the  dirty  liquid,  appar- 
ently rain  water,  tbat  often  half  Alls  their  cavity.  Treub  has  shown 
that  this  liquid  is  not  an  exudation  from  the  pitcher  (contrary  to  an 
opinion  advanced  by  linger),  its  origin  being  wholly  pluvial. 

Admitting  tbat,  in  certain  cases  at  least  (for  example,  during  the  tor- 
rential rains  so  frequent  in  the  Tropics),  ants  may  be  drowned  in  the 
Ditcher,  would   their  soluble  products,  derived   trom   the  digestion, 
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bacterial  or  otherwise,  of  tbeir  carcasseis  be  useful  to  the  |>1»iit — tliat  is 
to  Bay.  absorbed  T  The  iuternal  walU  of  the  iiiloher  arc  not  at  all  >.nitoi 
for  the  absorption  of  ]i<)iii()s  or  the  secretion  of  ft  (Ugi-stive  fluid.  The 
absence  of  all  kinds  of  glands  ie^  ejisy  to  deinonstTnte.  anil  the  entire 
Burfiu-e  of  the  eiiidt^rmiH  is  covered  with  a  wa\y  <<oating.  Id  addition, 
abundant  stomata  exi.-'t  there  n-hich  (-ertninly  does  not  indicate  aii 
organ  for  the  absorption  of  lii)oids.  This  waxy  coating  is  raisetl  m 
minute  tnrretH  around  each  of  the  stomata.  and  the  small  chamber  Ihas 
formed  in  constantly  filled  with  air  (Trenb).  These  are  feattiren  tliat 
contradict  in  the  clearest  manner  the  absorption  of  solid  natritive 
Hubstaiices  by  the  internal  surface  of  the  pitcher. 

We  may  then  snppose,  with  Delpino,  that  the  ascidifen>us  I>uchidmi 
are  not  CDniivorons  plants  in  the  strict  sense  of  the  word.  Perhaps 
then,  the  true  function  of  the  asc-idia  is '-to  prepare  a  li<)uid  aninial 
fiTtilir.er  for  the  purpose  of  nourishing  the  much  nimifying  adventitioo.-! 
riHitH  that  have  introduced  themsjelves  into  the  piU-hers."  As  a  corol- 
lary wi!  would  have  to  admit  that  the  pitchers  Iwlong  to  that  class 
wlioH»  "inimedhito  function  in  to  kill  by  drowning  the  small  animals 
that  enter  them." 

Lei.  iiH  commence  by  examining  this  last  hy[)otliesis.  If  it  be  correct 
llic  pilcliiTs  ought  all  to  contiiin  li(juid.  Now,  that  is  not  the  case, 
fill',  In  the  llrst  place,  a  certain  number  have  their  o|)enings  plac«l 
lioi'l /on tally  or  more  or  less  reversed,  and  the  walls  of  these  aieonly 
inoiHiencd  by  the  aqueous  vaiior  transpired  from  the  inner  sui-faceof 
Mio  pilclier.  In  tlio  pitchers  that  open  upward  there  is  but  little  water 
fiiiiiid,  even  after  a  day's  rain.  Their  office  aa  ant  drowners  appears, 
Iherefore,  very  problematic.  Kve[i  the  presence  of  the  ants  is  not  con 
Hdiiil,  aM  wo  have  already  said.  In  contrast  to  those  of  yepcntbeg  they 
(lie  not  iMTungcd  so  as  to  robiin  the  ants  that  may  venture  into  them. 
l''llnilly,  whiit  HeeniH  to  settle  the  niiitter  is  that  in  most  cases  we  do 
not  llnd  ill  thetii  ciin^asHes  of  dmwncd  insectf. 

To  MieHH  direct  (ili|ections  we  are  tempted  to  add  another  of  an  iudi- 
Mo'l  oliiii'iicter.  I'Jvon  granting  that  putrefaction  might  make  sol u hie 
(III' I'liretiNMCH  Hint  full  ill  ubundance  into  the  pitcher,  it  is  doubtful 
ttliellier  the  soliiblo  products  of  tlntt  putrefaction  woald  be  direotly 
uliuiirlied  hy  tho  nmtlels  (the  root  absorption  of  all  organic  snbstnnces, 
Liiii  li  UN  linnilc  HiibrdaiK'CH,  being  as  yet  one  of  the  most  controverted 
,liiil  loiilrovcilihlc  [iniiits  in  vegetable  physiology).  It  would,  on  the 
itllinl  hiiiid,  ■)«  highly  iniprobiiblethat  the  liquid  fertilizer  of  the  pitcher 
l&uriiiglhe  Itfeof  that  organ,  the  various  nitrite-producing 
oso  products  could  be  absorbed  by  the  rootlets.  This 
luiglit  to  he  prcjfented  a  priori  together  with  the  fucta 
ill,  ciniviiiees  us  tlint  we  ought  to  deny  all  carnivorous 
■  direct  or  indirect,  to  the  pitchers  of  Dhehidia.  Their 
I  to  aid  the  plant,  which  is  of  an  epiphytic  nature,  to 
I  transpi ration,  which  is  ult«n  excessive.    The  itnperceiv 
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tible  droplets  in  the  interior  of  tbe  pitcher  may  be  reabsorbed  by  the 
slender  radicles  applied  to  its  internal  wall.  The  rain  water  gathered 
in  the  pendent  pitchers  evaporates  slowly  throagh  the  narrow  month, 
and  thus  constitutes  a  reserve  that  may  be  absorbed  by  the  rootlet. 

Tbe  ants  may,  it  is  trae,  be  indirectly  usefnl  to  the  plant  by  protecting 
it  against  the  attacks  of  pliy tophagons  creatures.  The  pitcher  presents, 
indeed,  various  features  favorable  to  the  life  of  the  ant.  In  particular, 
the  rain  water,  which  does  not  enter  in  snfficient  quantities  tn  become 
dangerous  to  tbe  inhabitants,  may  probably  be  to  their  advantage,  for 
tbe  ants  that  inhabit  these  pitchers  are  fond  of  water.  But  the  only 
protection  the  ant  can  offer  in  exchange  for  the  shelter  afforded  by  the 
plant  is  that  which  we  have  before  mentioned.  Even  in  this  connec- 
tion "nothing  authorizes  ns  to  supi>ose  that  the  colonies  of  ants  exer- 
cise a  salutary  influence  upon  the  plant"  (Treub).  Indeed,  the  ants 
when  they  multiply  too  greatly  in  a  pitcher  gnaw  the  rootlets,  or, 
indeed,  cause  their  malformation.  Still,  fieccari  has  seen  the  DUchidifu 
form  inextricable  masses  of  pendent  branches  on  the  snrface  of  trees, 
which  masses  were  so  well  defended  by  the  ants  and  termites  that 
inhabit  them  that  it  was  impossible  to  put  the  band  upon  them. 

If  at  tbe  present  time  the  ants  play  no  part  in  the  normal  evolation 
of  the  leaves  that  become  pitchers,  they  yet  may  have  had  something 
to  do  with  their  original  formation.  In  a  related  genus,  Dischidia- 
Conehophyllum,  and  in  many  species  of  Dischidta,  all  the  leaves  are 
indistinctly  snborbicular  or  reniform,  convex  on  one  lace,  concave  on 
the  other,  like  a  watch  crystal,  and  applied  against  the  bark  of  the 
tree  that  serves  them  for  support.  Their  inferior  concave  face  is  purple 
(fig.  9,  PI.  XXII).  Atthelevel  of  tbe  leaves  the  branches  give  off  a<lven- 
titions  roots,  very  much  ramided  and  sheltered  under  the  concavity  of  the 
leaves.  These  roots,  arising  near  the  insertion  of  tbe  petioles,  divide 
dicbotomonaly  and  serve,  some  to  cause  tbe  plant  to  adhere  to  the  bark 
of  the  tree  it  iohabits  and  to  absorb  the  nutritive  matter  they  may  find 
there,  others,  o<ivered  by  the  leaves,  to  absorb  water,  for  which  they 
are  more  especially  designed. 

The  ascidiferous  Discbidias  are  certainly  derived  ttom  types  with 
reniform  leaves  like  those  we  have  just  det<cribed.  Now,  the  inferior 
face  of  these  concave  leaves  is  often  inhabited  by  acarids,  and  we  may 
suppose,  with  Beccari,  that  the  irritation  produt^ed  by  these  parasites 
has  caused  a  more  marked  concavity  iu  the  organ  that  shelters  them. 
There  would  be  primitively  formed  there  true  galls,  and  the  deforma- 
tion of  the  leaf  might  become  hereditary  in  the  course  of  time.  Ants, 
finding  shelter  under  these  concave  leaves  applied  to  the  surface  of  the 
trees,  have  chosen  a  domicile  there,  profiting  thus  by  an  organ  of  lodg- 
ment whose  abnormal  evolution  may  havo  bad  for  its  primordial  cause 
the  adaption  of  the  plant  to  the  struggle  against  dronght  or  parasitism, 
or  perhaps  both  causes  combined.  As  soon  as  they  were  installed 
under  these  lodging  organs,  the  ants  became  useful  to  the  plants  by 
BMd6 29  CcXVjIc 
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wciitntiltilliifc,  )ri  tbeo*:  rfecewnfc*.  ftripuiic  tlfCritas  capiil>le  <»f  fitnusb 
iiiK  iihkIiiiIIhIiI^  Miltilil^  i4tilMtaDc>^  t»  tlu*  motiets  B(ie!tere«l  amleTtbt 
I'liiKiivo  ImiVf-H.    The  irritation  «»a»«l  oo  the  nndn-  sarfiiee  of  tbc 
l<>iiv«>H  Ity  lliH  |>r<-M-fi(!«  n(  llie  aor.'*  Ruy  bave  resniteil  iti  tbe  angmcB 
Ititloii  of  llio  cnvlly  or  tlu;  organ  an>t  thoit  leil  it  to  take  on  the  form 
cif  II  )>IIHm«i',    Tito  parMitic  origin  of  th«  lotl^ing  oTirana  bi  iloobtAil  io 
till'  i'i<nvlii'i>UylUimH  nml  tlie  J>i»ekiitia». 

'I'll  in  In  not  Mm  oiine  witli  the  lodging  arganit  of  tlt«  .Vtffoafoairrmr. 
I II  I  did  hiiiilly  n  tin^a*  iiuinber  of  American  types  hare  leaves  prDTHl«<i, 
itl  Mhi  I>»ni>  or  Ihr  llmbiiit,  with  orgaas  saitable  for  th«  Nxlgment  of 
Mliln,     Hiii'li   iMtt  tlio  gciKtm  fjococa,  Mifrmeiiome,  Majrta,  Mientpkytev, 
mill  t'itfi>fiA.i/Ni'ii,     It  wftF*  Aiililet,  the  old  explorer  of  FrMich  Oatana, 
f\  liii  III  4t  n>iiiiii'l(4<(I  oii»  of  t1i»  MclaHtom3Co:e  that  presented  thesvs  em- 
nui  l\'iitiiii>H.     Ili>  Kiiyn.  HiH'akiiig  of  the  Tococa  fjniaanuM  -'tbeleaTee 
liu>  oiii'U  tilliivluil  to  tlii'ir  HteniH  by  a  little  pedicle,  that  is  at  first 
uuhimmI  nil  llH  it|i|it>i'  Huifiuie,  convex  below,  and  set  with  hairs,  batit« 
twii  olib'*  til\i>v\vanlH  (>ulm'gt<>  and  form  a  double  bladder  having  tl« 
Uh  III  »it  It  lipttili    This  bliidder  is  jirovided  with  two  holes  placed  at  the 
li»Mi'i  |inil  nl  I1»>  U^kf  iui(U>vii('Uth,  twtwecn  tbe  two  iiitennediary  nen'-    i 
tlU'x.     tl  («  l>\  llii">«>  twtt  lioW  tliiit  tlio  auta  enter  and  leave  each  divi 
kIi>ii  i>t  \\\\^  l>lt(iliUn'  ttiul  (IS  the  stems  are  hollow  they  can  penetrate 
tlii'iH  iiUn  111  imHiiis  of  tt|H>iiiiigs  thiit  thoy  mako,and  this  is  tbe  reasou 
win  iiiim'ni  1h)^  iiiiiivt^s  htn~e  given  this  plant  tbe  name  of  tbe  auts- 
l»i|.  >l  Ivui^,  1)1  win*  iimj-  !i;»y,  t^tntinnally  covered  with  them." 

|lii  ^l^'^^"•  A  ^iHnl.M  itn-HUjrt-iixoiit  in  t\\t<  Mojeta  guiancivtia,  of  vhivh 
\h\  ^-w*  'm\m>  ttMvxx-*  b,-*\f  ow  Ilieir  under  surface  five  longitadiu»l 
m'n>i'»'<  w<i«^  i'>\«n'\\>us  u :»us\-\'rs;»K    They  arc  attached  by  a  short    | 
j'vili.  l>'  il' It.  iv'tvr.ti  V  »;:b  Uio  h>wor  part  of  the  leaf,  is  enlarged  in 
>*>('   \\n'xi>'i  <  l«' i,i.:iv>,d;\t.!rtl  into  t\nt  cavities  by  a  median  partitian. 
( *m  (>i'.h  \*i  ('  t'  ;>;  i.i.U",  i"  ■;•,;!. ',»  nnwe  raised  above  than  below.    Tbe 
M,  tU  li  »\>  *  «to  ".s  wv,;»";»  V.^wi:,"    This  last  point  is  of  the  highest 
li.ii.».i  ^■'^^\     \f  v\v\  !.^  *-■  .'I.  t;  ,i;  t:,o  prvt!«oce  of  ants  on  the  interior 
*.(  i!m    .,  .•^l^  i»»  >-  V.\  s^:n'-\\  <^r  ;  ho  inhabited  leaf  that  is  far  from 
^,  IX  ,  n>  '■>  >    '' ''"   i     **■    ■ '■  J'nv  .^;>;v\sit>e  Ie«ve8  0f  each  paironeis 
w   ,1.11   u  i"  •■  \^iv>\  (',- .^  ".•■•»■  .i  s.—  ,i;',iTOO« is  oot  so.     Batbefore 
1,1- !■     ^  1    K  r  .' !«     X  ..•. -w  A- ',v:x--;r»iphy  of  tbe  ibiiary  tissoe  we 
!.,  11  ,1  1  >\\    -  n  w  , ,'  ,>     ■ ,-   -s.  .  ■,  ,;\  iit'$ir«'iB  tbe  two  leaves  is  Dot 
,i,..>>\    ■!  t,*  r  1-  iss  ■  ^     -.»    ,■.    !N-  ^vv^-'.  yy  tbcse  inserts.     It  is  trne, 
l,,A\i\\-       ■■•  '■^>-    •    :'  "■  "    'T  '■■;  »(re  v«T:Sed  we  might  admit 
,1.1,  |.        !  \>,v    '-■     '.Nv    .-X  .^     •.,-  ^..  -.>r.>-:JM>e«-wTTe  provided  with 
,,     .   ....  ....    ,  V-\>«v  1  -.     .,  n  :,.•  ■.• .%  ;    !  .rm  a  wsicte  at  tbe  hue 

,.,,■,      ..   ...v     \\  •  ..•    ■•  v  w-.,  i,    »  V.  ..■■.-•  \;s:ii'd  by  Ike  aots  tbe 

1   ....    .  \s    .\N   '-  -N>"  V.N.  .    , .  ■ -it    -- ).;-<(r:?4>phy  aad  the  more 

,.,,      ,? 1,  ■•     ■  \  .'    •  .r  1  -  -,--■  1.     >  --  <xvj.-<af«ed  vvMldleHilo 

.        -  -~  ,     ,     ^   s  «     !    ,.    .-Vf       ■»  ■■.      .        7-  ^  i-VTV^T^lfiT  ww«Wthiii 
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enrly  ago,  indepeodently  of  tbe  action  of  the  ants.  Bat  it  will  always 
be  {tertiiieut  to  ask  why  tbe  ants  did  not  cause  tlie  bypertropby  of 
both  tlie  opposite  leaves  wbicli  ought  a  priori  to  be  subject  to  the  same 
cotiditious  as  to  the  formation  of  vesicles.  May  it  not  be  that  primi- 
tively without  any  iutervention  on  the  part  of  ants,  there  was  a  tend- 
ency to  an  inequality  of  development  between  the  two  opimsitc  leaves 
of  the  same  pair,  as  is  seen  iu  a  number  of  vegetables  that  hare  opyw- 
site  leavesl  Tbe  favored  leaf  would  tend  to  form  a  vesicle  which  the 
unfavored  leaf  could  not  do.  This  diOerenco  of  size  between  the  two 
leaves  of  the  same  pair  is  still  more  marked  in  the  Myrmedone  tnacros- 
permum  of  Brazil  and  tbe  Ctilopkysca  keteropkylla  of  Peru. 

In  Tocoea  truncata  the  foliary  bursa  is  not  much  developed,  but  uso- 
ally  larger  on  one  of  the  leaves  than  on  its  oitposito.  The  inequality  of 
the  same  pair  is  very  well  marked  in  T.  platypetala  and  T.  bulUfera.  In 
this  last  Bpecies  the  (levelo]>ment  of  the  limbus  seems  to  be  propor- 
tional to  that  of  tbe  bursa.  In  the  section  Kpiphyaca  of  the  genus 
Tocoea  the  bursa  is  evidently  formed  at  the  base  of  the  limhns.  In 
the  section  Hypnophysca  it  seems  to  be  jiroduced  from  the  petiole,  but 
in  reality  it  is  the  limbas  that  is  decnrient  along  the  iietiole  and  forms 
there  an  elongated  buma.  The  fact  is  clearly  shown  in  Tncoca  bnlH/era 
(fig.  10).  The  bnrsJB  of  Tocoea  fiirmicaria,  T.  guianennis  and  T.  platy- 
petala nre  very  flue.  Tbe  stem  of  T.  ffuianensvi  smA/ormicaria  seem  to 
l>e  hollow. 

Tbe  relation  between  the  size  of  the  limbus  and  that  of  the  bursa 
letrds  us  to  suspect  tbat  the  internal  surface  of  the  bursa  may  be 
endowed  with  absorbent  properties.  If  the  barsa  played  the  part  of  a 
true  absorbiiigorgan  it  would  yield  to  tlie  limbus  nutritive  material, 
which  would  explain  why  a  leaf  possessing  a  larger  bursa  also  i>ose68es 
»  larger  limbus.  In  dried  specimens  we  hnd  in  tbe  bursa  a  large 
quantity  of  detritus.  The  internal  surface  of  T.  formicaria  and  T. 
gmaneiuiit  bristles  with  papilla!  and  hairs.  In  the  first  species  we  find 
there  scale-insects  as  well  as  ants. 

Beccari  found  entire  colonies  of  ants  with  pnp:e  on  single  specimens 
of  T.  bulH/era  and  Myrmedone  macroaperma  of  Brazil  and  Venezuela, 
These  plants  have  bursa;  at  the  base  of  the  limbus,  which  appear  more 
complete  than  those  of  other  8i>ecies.  The  transverse  uervures  that 
run  over  them  project  on  the  inner  surface  us  lamellie  that  indirectly 
divide  tbe  bursa  into  galleries,  as  in  tbe  tubercle  of  the  llydnopkytums. 

In  Majeta  guianentia  the  internal  wall  of  the  bursa  is  lined  with  elon- 
gateil  ]iapillie  formed  of  cells  normally  filled  with  a  colored  protoplasm 
that  seems  analogous  to  the  foliary  glands  of  Drosera,  This  fact, 
together  with  the  presence  of  fragments  of  ants  and  other  insects,  has 
led  Bec<:ari  to  supjwse  tbat  the  bursa  may  in  this  case  have  digestive 
und  assimilative  functions. 

Some  species  of  Tocoea  have  leaves  destitute  of  bursa;.  In  others 
(T.  aubnuda)  the   bursa>  are  rudimentary.    The  eiiamination  of  this 
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speoies  ia  very  instructive  from  tlie  point  of  view  of  the  geoesU  of  tfaeee 
foliary  barsa*.  In  this  species,  ou  the  under  snrfoce  of  the  limbos  near 
its  base,  in  the  angk  formed  by  the  median  nerrnre  and  the  two  latoraJ 
primary  nervuren,  tbere  may  be  observed  small  cavities  snrToanded  by 
hair.  The  analogy  of  tbeae  organs  to  the  acaro-cecidia  (that  is  to  say, 
to  galls  oattsed  by  certain  acarids)  of  tanrela  and  varioos  other  plants 
is  striking.  If  we  conceive  such  an  organ  increasing  in  size  without 
enlargingits  orifice  we  will  obtain  exactly  the  foliary  borsaof  the  above- 
cited  Meiastomaceie. 

The  galla  of  laurels  and  some  other  plants,  Viburnum  lueidum,  fw 
example,  are  inhabited  by  acarids.  It  is  not  irrelevant  to  recall  here 
that  Uiese  acaro-domatias  (to  nse  the  expression  of  Lundstrom)  are  by 
no  means  pathological  productions  injurious  to  the  plant.  Tbe  acarids 
that  cause  them  render,  on  the  contrary,  eminent  services  by  cleariog 
the  plant  of  the  spores  of  parasitic  or  saprophytic  fungi  found  on  the 
surface  of  the  leaves.  There  is,  then,  no  improbability  in  supposing 
that  primitively  the  foliary  bursee  of  tbe  Melastomacea:  have  been 
acarid  galls  in  which  the  ants  sought  an  asylam  provisionally.  Finding 
the  dwelling  suitable,  they  installed  themselves  there  iiermanently,  and 
tbe  irritation  of  the  plant  caused  by  them  may  have  occasioned  the 
ensaiug  hypertrophy  of  the  bursts.  lu  the  Metastomaceae  the  lodging 
organ  seems  to  be  undoubtedly  of  parasitic  origin. 

Let  us  now  attempt  to  extract  from  this  mass  of  facts  some  general 
views. 

Primitively  tbe  relations  between  ants  and  plants  were  as  simple  as 
possible — those  of  the  eaters  aud  the  eateo.  Such  are  at  the  present 
time  the  relations  of  the  harvester  ants,  especially  of  the  leaf  catters, 
to  the  plants  wliicli  they  despoil.  But  we  should  note  that  already  the 
plants  from  which  the  ants  harvest  obtaiu  some  advantages  from  that 
harvesting.  A  number  of  seeds  are  sacrificed,  but  some,  escaping 
the  voracity  of  the  ants,  are  disseminated  by  them  and  thus  truly 
allied  by  those  insects  in  their  struggle  with  rival  species  for  existenoe. 
|<'n>m  this  dinsematiou,  at  first  accidental,  comes  the  normal  mimicry  of 
the  cocoons  of  ants  showu  by  some  seeds. 

As  the  industry  of  the  ants  becomes  more  developed  they  no  longer 
(HHitent  themselves  with  merely  gathering  vegetable  products.  They 
undertake  agriculture,  and  the  plants  cultivated  by  them  are,  by  the 
very  care  they  receive,  favored  in  their  struggle  with  rival  species,  as 
(ire  cereals  cultivated  by  man,  which  have  no  longer  to  struggle  with 
|titli((6U0U8  species.  A  number  of  ants  also  content  themselves  with 
miBary  li(|aidM,  such  as  honeydew  and  nectar.  Primitively  they  seem  to 
liitvo  been  satisfied  to  gather  the  boneydew  diflused  on  the  surface  of 
l^vrni  Brterwardfl  tlioir  suction,  localized  at  special  points  upon  the 
H.lltii'Boufl  organs,  may  have  led  to  the  formation  of  extra  floral  Dec- 
,  1  organs  may  have  served  the  plant  in  two  ways — first,  by 

ts  surface  anta  that  would  protect  it  against  phytophagi ; 

.Dcinz.SDv  Google 
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second,  by  diverting  from  the  reproductive  organs  ants  tliat  otliervise, 
in  certain  flowers,  might  steal  the  nectar,  tUns  depriving  winged  insects 
of  it  witboat  aiding  in  poUinatioD. 

Bnt  the  protection  of  the  floral  nectaries  may  be  assured  by  other 
arrangements  still  more  eMcacious  and  more  economical  for  the  plant. 
By  becoming  myrmecophobic  and  keeping  its  floral  nectaries  away  from 
tlie  ants  the  plant  economizes  its  nntritive  materials.  Chevaux  de  frise, 
slippery  surfaces  st«ep  pedancles,  and  viscous  hairs  are  the  principal 
myrmecophobic  features. 

We  may  consider  as  a  true  animal  Loneydew  the  sugary  excretion  of 
plant  lice,  cochineals,  and  some  other  insects.  From  this  arise  the 
pastoral  habits  of  ants,  the  establishment  of  snbterranean  and  aerial 
stables,  and  the  effective  prot«ctioD  of  the  plant  lice  against  their 
eaemies;  hence  occurs  a  real  injury  to  a  number  of  plants  indirectly 
caused  by  ants. 

The  instinct  of  ants  leads  them  to  lodge  themselves  in  some  cavities 
capable  of  oflering  them  shelter.  These  cavities  will  be  more  advan- 
tageous to  them  in  proportion  as  they  are  within  reach  of  the  food  they 
require.  So,  if  a  nectariferous  plant  visited  by  ants  has  a  suitable 
cavity,  it  will  soon  become  a  lodging  plant  for  those  insects.  Such  is 
also  the  case  with  a  nonnectariferons  plant  inhabited  by  insects  capable 
of  furnishing  nectar  to  aots.  The  ants  wlH  then  occupy  themselves 
with  the  rearing  of  such  animals  within  the  lodging  cavity.  In  certain 
cases,  also,  when  a  plant  finds  a  real  advantage  in  the  constant  presence 
of  ants  on  its  surface,  it  will  diSerentiate  "food  bodies"  suitable  for 
furnishing  them  with  a  more  abundant  aliment. 

The  services  rendered  to  plants  by  aots  are  of  various  kinds.  lu  a 
number  of  cases  the  latter  effectually  protect  the  host  plant  a^inst 
the  attacks  of  parasitic  insects  or  the  teeth  of  berbivors.  In  the  case  of 
lodging  plants  with  cavities  arranged  for  stables  the  ants  may  min- 
imize the  injuries  inflicted  by  plant  lice  and  cochineals  by  transporting 
them  from  yoaug  organs,  where  their  presence  would  be  iujudous,  to 
localities  upon  the  vegetable  where  their  presence  would  be  more  com- 
patible with  the  life  of  the  plant.  There  is  thus  established  a  sort  of 
triple  symbiosis,  the  ants  protecting  tbeir  flocks  that  furnish  them  food 
aud  diminishing  the  injuries  occasioned  by  those  flocks  upon  the  plant 
on  which  they  feed.  Sometimes,  but  rarely,  the  detritus  accumulated 
by  the  ants  in  the  lodging  organ  seems  to  serve  as  a  nutritive  material 
for  the  plants.  This,  however,  remains  to  be  demonstrated  in  moat 
cases.  Finally,  the  irritation  caused  by  the  ants  upon  the  lodging  organ 
may,  by  determining  a  greater  increase  in  its  growth,  assist  the  plant 
in  its  struggle  with  rival  species  or  with  physical  agencies. 

The  primitive  origin  of  the  lodging  organ  varies,  in  fact,  in  different 
types.  Sometimes  the  ants  make  use  of  closed  or  nearly  closed  cavities 
forming  a  part  of  the  morphologic  plan  of  the  plant,  and  having  a  merely 
mechanical  function  (hollow  iuternodes,  being  lighter,  economizing 
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matiTitvl  and  »t  the  name  lime  atieogtheamg  tbc  strrn-tore) ;  somedioes 
Ibey  Imlge  in  organn  that  protect  plasts  agaiiiM:  fcerbiTor.4 ,  spines)  or 
iiKiiitint  iiliynicHl  agencies  (water  re-wrroiiftl :  ttDaHy.  in  c«i-tuo  cases, 
tlinpnraMltir  origin  of  the  lotlgingoT^ran  attms  sBiiacstioDable.  it  repre- 
mntiiif;  a  real  cecidinm  or  galU 

In  i-nrtain  typett  the  ants  seem  to  hare  adapctd  tbe  lodging  organ  U> 
IlK^irdWi)  neetln  (by  perforating  tbe  wall.by  fixraing  galicrtcs) :  in  otben, 
fnitiirttx  at  flrrtt  abnormal,  caarad  by  tbe  presence  o(  ants,  seem  by 
licn-dlty  and  nelection  tc>  hare  become  nomiaL  after  which  the  insects 
tind  IiMlgliign  ready  for  occnpation  witboot  tlie  necessity  for  preparatory 
Mm: 

MyrmiM;(i|ihilouHfeaturesmay,  then,  vary  ill  thortHigin,  according  to 
('.h'4!iniiHtunceH. 

'I')h<  I>Ii)Ii)k1<!  relations  between  plants  and  ants  thus  tend,  by  iusen- 
Nllil^  ili^KrcwH,  to  nsMume  the  complex,  reciprocally  adrantageoos  condi- 
MniiH  of  coinminial  life;  that  is  to  say,  of  symbioeiR. 

Iiiiokiiig  at  tlin  phenomena  of  nature  from  the  point  of  view  of  tbe 
ohh'r  natural itttM,  we  Hhonld  cei-tainly  go  into  raptures  over  the  varied 
liH'iuiN  slit)  lunphtys  to  reach  her  ends.  Were  we  to  examine  the  relations 
)ii>l,w<'oi)  plants  and  antn,  aH  do  those  philoxopbers  who  seek  final  caoses 
lor  nil  bliiloglii  ])hotionionR,  we  conld  not  too  mnch  :idmire  the  prevision 
of  naliin^  in  piiUliiK  within  n-ach  of  those  insects  plants  for  their  nonr- 
tnlmiKiit,  iumI  111  giviniiiiortnin  plants,  in  retnm  for  certain  small  advan- 
liitli'B  uniiiti'd,  inhabitants  capable  of  protecting  them. 

IMil  lo  iiiir  modern  eyes  the  relations  of  living  things,  in  tbe  midst 
III' Kci'rnliiKly  jioiu'eliil  natnre,  appear  in  a  somber  light.  Attack  and 
di'l't^nHf  tti'K  llirir  I'Hflonlial  controlling  conditions.  Homo  Momini  luptu, 
"iM  Urn  plilhiHopln'r;  luid  the  race  of  man  is  no  worse  than  other  living 

«l I,.n  111  Um  MtnigK'n  for  existi-ncc.     All  beings.seem  to  have  bnt  two 

tilinn :  ri<|>i  iiilnclion  and  destrutition.  Growth  of  the  individnal  leads  to 
H'jiiDiliK'Mon,  liidi'dnitc  nuiltiplication  of  the  species  at  the  expense  of 
llMiii'luiiborH.  ttixl  the  ruthless  destruction  of  rivals.  Does  it  not  seem 
iiu  tl'  MK'li  N|>i<<'l<>H  u-iiH  (treated  for  the  extermination  of  aornc  other,  and 
Hull  Hiiiiti  (ho  NlniKgln  of  so  many  individuals  of  opposing  tendencies 
iMiiul  rcBiiK,  In  tlH'  t'xMiu'.tioii  of  cveiy  living  thing  on  the  globet 

Ihil,  Miriingi'  to  Hity,  fNuu  this  very  contest  arises  accord;  theantago- 
lil'ini  iif  tlviliu  hi'lUK"  results  in  symbiosis;  instability  in  equilibrium; 
ili'illh  III  IHk.  (liiiioM  nigondors  order.  Tbe  result  of  these  tremeudons 
ia)iprccial>lo  by  the  un9n8[)ecting  eye,  may 
harniony.  A  perfect  accord  i»e»ta1dished 
oMiing  in  common,  precisely  because  of  the 
'  ill  this  ncconl  the  copartners  have  uo  inter- 
IntcH. 

nllrmctl,  for  life  in  general,  tbe  law  of  prog- 
li'i'ings  and  dentil  of  individuals,  evolution 
iHilugs  priniittvety  rivals  a  modtu  vivendi 
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t  liat  assures  tlie  free  expausioti  of  tlie  species;  n pmgreHsive expansion 
tliat  iinist  sooD  fiiiil  its  limits  in  tlie  new  struggle  tliat  species,  triumph- 
iiig  by  their  union,  must  makii  against  nciRhboring  species. 

What  borizoni4  does  the  stiuly  of  ants  open  to  the  naturalist!  Tlie 
i  iivestigation  of  tbeir  relations  to  plants  is  capable  of  giving  to  those 
wlio  undertake  it  the  most  lively  pleasure  that  the  naturalist  can  enjoy. 
Tliose  who  have  Bucceede<l  in  raising  tliiH  little  corner  of  natnre's  veil 
wilt  nvkuowledge  that  they  owe  the  ants  a  debt  of  gratitude.  And  if 
X  bave  sncceoded,  by  this  somevhat  <lry  exposition,  in  securing  your 
kiud  attention,  U  it  not  to  these  little  creatures  that  I  owe  itf 
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SOMK  QFESTIONS  OF  NOMENCLATUKE.' 
By  Thbodobe  Uill. 

INTRODUCTION. 

I  had  originally  selected  for  the  addresa  which  it  is  my  doty  and 
privilege  to  give  to-day  a  very  dili'erent  subject^  froin  that  which  I  am 
now  to  diaensN,  but  the  renewed  and  lively  iuterest  which  is  being 
manifeatetl  at  present  in  the  ever-troublous  subject  of  nomeuclature 
has  led  me  to  take  it  as  my  theme.  I  Inive  been  e8peV:ia)ly  inSnenced, 
too,  by  the  consideration  that  a  committee  was  appointe^l  at  the  last 
zoolo^fical  congress,  held  at  Leydcu,  to  consider  tlie  snbject,  and  sug- 
geHtious  have  been  asked  for,=  Of  the  multitadiuous  queutioue  that 
offer  for  review,  time  will  only  permit  us  to  examine  a  few. 

Nomenclature,  in  the  modern  sense  of  the  word,  did  not  trouble  iiat- 
uralists  til)  near  the  middle  of  the  last  century.  The  animals  and 
plauts  of  the  antuent  world  were  mostly  treated  of  under  the  names 
which  the  Greeks  or  Romans  had  used,  or  were  supposed  to  have  used. 
The  forms  that  became  first  known  after  the  discovery  of  America  were 
introdnced  into  the  literature  under  names  more  or  less  like  those  which 
they  boro  among  the  aboriginal  inhabitUntsof  the  countries  from  which 
those  forma  had  been  obtained.  Only  a  few  uames  were  coined  from 
the  Latin  or  Greek,  and  used  for  forms  Dot  mentioned  by  classical 
authors.    Examples  of  such  are  Ammod^tes  and  Anarrhichas,  invented 

'Address  by  vice-president  of  aeotion  P  (Zuology)  at  Bufl'ulo  meeting  of  tbo 
Americiin  Aasociation  for  the  Advanceoieut  of  i^cieiite,  August,  1S96.  Printed  is 
Science,  October  23,  1896,  and  in  I'roceeditigH  of  the  Association,  January,  1897. 

'ADimals  us  Clirononieton  for  (ieology. 

^The  Tbird  Interoalional  Znological  CongresH  (Leydeu,  Sept.,  1895)  appointed  an 
intematioual  commission  of  five  inemberH  to  study  tbe  various  codes  of  oometicla- 
tnre  In  use  in  different  countries.  Tbia  commiBaion  is  coiiiposed  of  Dr.  Kapbael 
Itlancbard  (France),  ProfeBaor  Curtis  (Germany),  ProreHsor  Jeutink  (Holland),  Dr. 
Sclater  (Kugland),  and  Dr.  Stilea  (United  States).  Dr.  Stiles  rerinested  tbe  appoints 
nient  of  an  AmericuQ  udviaory  cummittee.  This  advisory  committee  Iian  now  been 
completed  anil  is  miide  up  as  follows : 

"Dr.  Gill,  representing  tbo  National  Acailemy  of  ^Sciences;  Dr.  Dall,  representing 
the  Smitbnoninn  Inatitiition ;  Pro fensor  Cope,  representing  the  Society  of  Amer- 
icau  Naturalists;  Professor  Wrigbt,  repreHHiting  the  Royal  Bciciely  of  Canada; 
Professor  Packoril,  reptesenting  the  AnicricuD  Associatiou  for  tbe  Ailvaiicemeot  of 
Scieuce." 
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by  Oesner.  But  none  of  those  names  were  employed  as  trae  gwierie 
designations.  Genera,  in  fact,  in  the  strictest  seuse  of  tlie  word,  wen 
not  used,  by  zoologists  at  least,'  till  the  time  of  Linnitus. 

There  were  certainly  very  close  approximatiunB  to  the  idea  manifest 
iu  some  of  the  older  authors,  such,  for  example,  as  Belon  and  Lang;- 
bat  their  analogous  groups  were  not  strictly  defined  and  limited,  as  the 
genera  of  Liiinibus  and  his  followers  were.  The  system  has  been  one  of 
alow  growth,  and  hiis  developed  in  accordance  with  onr  knowledge  of 
nature  and  in  response  to  the  need  for  expressing  the  various  degrees 
of  complication  of  the  organisms.  The  species  known  to  the  natural 
ists  of  early  times  were  few  in  number — at  least,  comparatively — and 
the  old  students  had  no  idea  of  the  excessive  diversity  of  form  aod 
structure  familiar  to  us. 

A  census  of  animals  and  plants  was  taken  by  Bay  shortly  before 
Linno^ns  commenced  his  career,  and  enumerated  less  than  4,000  animals, 
exclusive  of  insects;  and  of  those  it  was  estimated  that  there  were 
about  "20,000  ill  the  whole  world."  He  evidently  believed  that  the 
entire  number  living  would  not  be  found  greatly  to  exceed  this.  But 
let  Bay  speak  for  himself. 

According  to  the  author's  clnssification,  animals  were  divided  into 
four  orders — "  beasts,  birds,  tiahes,  and  insects."  The  number  of  beasts, 
including  also  serpents,  that  bad  been  iiccurately  described  he  esti 
mated  at  uot  above  150,  adding  that,  according  to  bis  belief,  *'not 
many  that  are  of  any  considerable  bigness,  iu  the  known  regions  of  the 
world,  have  escaped  the  cognizanct^  of  the  curious."  (At  the  present 
day  more  than  7,000  sjiecies  of  "  beasts,"  reptiles,  aud  amphibians  have 
been  described.^)  The  number  of  birds  "  may  be  near  500,  and  the 
number  of  fishes,  excluding  shellfish,  as  many;  but  if  the  shellfish  be 
taken  in,  more  than  six  times  the  number."  As  to  the  species  remain- 
iiig  undiscovered,  be  supposed  "  the  whole  sum  of  beasts  and  birds  to 
e.xceed  by  a  third  part  and  fishes  by  one-half  those  known."  The 
number  of  insects — that  is,  of  animals  not  included  in  the  above 
classes — he  estimated  at  2,000  in  Britain  alone,  and  20,000  in  the  whole 
world.  The  number  of  plants  described  in  Banhiu's  "Pinax"  wat 
V,000,  and  our  author  supposed  that  "  there  are  in  the  world  more  than 
triple  that  number,  there  being  in  the  vast  continent  of  America  as 
great  a  viiriety  of  species  as  with  us,  and  yet  but  few  common  to 
Europe,  and  perhaps  Africk  and  Asia.  And  if  on  the  other  side  the 
equator  there  be  much  land  stitl  remaining  undiscovered,  as  jirobably 
there  niay,  we  must  suppose  the  number  of  plants  to  be  far  greater. 
What,"  he  continues,  "  can  we  infer  from  nil  thist    If  the  number  of 

'  Tlie  genera  of  plnnta  in  Tonrnefort's  work  nre  [wrfectly  rrgular,  as  well  as  delipBd 
iintt  iUiistratad,  but  the  nomeiiclattire  is  certnialy  not  blDOiiiiual. 
'Lnx"  wni  hy  no  meant  n  liinoniiuliNt.     See  note  on  p.  lliO. 

'iraiife  or  desiTiWl  sppcies,  3,500  ipe<:<eH  of  imuomals  are  ennmrr- 
"ck's  of  rcptiloB  anil  iiniplii1ii:iiiH,  tht:  Ht'veral  rlii8iie«  thus  ai,'|i;r«- 
is  probably  iiii  niiiler'  MiimiU!.  — I'.  Z.  H.,  1K96,  SOU. 
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creatures  be  so  exceeding  great,  bow  great,  nay,  immense,  most  needs 
be  tbe  i>ower  and  wisdom  of  Him  who  formed  tliem  all !" 

About  375,000'  species  of  animals  are  now  known,  and  of  insects  we 
still  know  tbe  smaller  portion.' 

As  kDowle<Ige  of  species  of  animals  and  plants  increased,  tbe  neces- 
sity of  Bystem  in  registering  them  became  apparent.  Liunieiis  and 
Artedi  especially  apiireciated  this  necessity,  and  eariy  applied  them- 
selves to  the  correction  of  esiatiiig  evils  and  the  reformation  of  tbo 
ulassitlcation  and  nomenclature  of  all  tbe  kingdoms  of  Kature.  The 
Latiu  language  bad  been  long  the  means  of  iuterconrse  among  tbe 
learned,  and  was  naturally  selected  as  the  basis  of  nomenclatare. 
Instead  of  Latin  words  used  as  e<iuivalents  or  translations  of  vernaca- 
lar,  by  Linuasus  and  Artedi  they  were  taken  especially  and  primarily 
Tor  scientific  nse.  The  various  kindx  of  animals  became  the  more 
exact  genera  of  naturalists.  A  new  language,  or  rather  vocabolary  of 
proper  names,  was  develojied  with  tbe  Latin  as  the  basis.  As  no  ade- 
quate idea  was  at  first  ha«l  of  the  magnitude  of  tbe  subject,  rigorous 
codes  of  laws  were  formulateil  on  tlie  assumption  that  philological 
questions  were  involved  rather  than  the  means  for  the  expression  of 
facts.  But  soon  the  bonds  that  hod  been  framed  for  the  restriction  of 
the  new  vocabulary  were  broken.  The  idea  dawned  upon  men  that 
they  bad  to  do  with  natural  objects  rather  than  philological  niceties, 
and  that  which  was  most  eoudneive  to  facile  expressions  or  exhibitions 
of  facts  was  more  to  the  pun>ose  tban  I'risciauic  reRiiement^.  Linntitus 
himself  eventually  refused  to  be  bound  by  the  laws  which  he  had  orig- 
inally framed.  Tbe  early  companion  of  Linnieus — Artedi — who  had 
<MMperated  with  bim,  and  also  framed  a  similar  code  for  ichthyology 
especially,  was  prematurely  lost  to  Nrience.  TUe  fact  that  Artedi  devised 
the  first  code  of  laws  atl'ecting  zoology  has  been  generally  overlooked, 
itnd  a  few  of  his  "canons"  may  be  noticed  here.  The  extent  to  which 
each  one  of  tbe  two — Liiinifus  and  Artedi — influenced  the  other  can  not 
uow  l>e  learned,  nor  will  it  be  necessaiy  to  consider  here  who  of  the 
two  was  the  abler  naturalist.  It  must  suffice  that  there  was  almost 
perfect  agreement  between  Artedi  and  Linnieus  in  tbe  spirit  of  tbe 
laws  they  res|>eetively  framed. 

COMMENCEMENT  OF  BINOMIAL  NOMENCLATUHE, 

The  question  that  has  been  most  agitateil  of  late  is,  what  time  shall 
'"0  recognize  as  tbe  starting  point  for  the  binomial  nomenclature! 
liven  DOW  not  all  will  be  bound  by  any  such  limit  for  generic  nomen- 
clature; but  those  who  will  are  divided  into  two  main  cam|)S.  those  who 

'A  cenaug  of  animftls  recently  takeu  under  the  au peril) teoilouoe  uf  Dr.  Hclater 
g»»e  386,000  apecies.    P.  Z.  S.,  18%,  307. 

'The  Into  Ur.  C.  V.  R]1«y  eveo  went  ao  far  aa  to  nay  "tbat  tbero  are  10,000,000 
Bp*ciF8i>r  iiM«cU  in  the  wprld  would  lie.  in  [liia]  ,iud{;meiiC,  a  mo.tiTate  rxtimato." 
Ilie  largrat  previoiia  aatiniale,  by  Sharp  and  WalainKliaui,  2,000,lKH),  was  termed  l>y 
Rilej  "extremely  low." 
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start  from  the  tenth  edition  of  the  Liuna;aii  "Sy8temaNatimR,"piib^ 
lished  iu  1758,  in  which  the  binomial  nomendatare  was  first  nniveraallv 
applied,  and  tlioae  who  advocate  the  twelfth  edition  of  the  "Systemas' 
pnbliahed  in  1766,  the  laat  which  appeared  daring  the  life  of  Lmn«ii& 
But  it  may  be  premised  hete  that  even  the  fact  that  Linuaeas  was  tlM 
first  to  devise  the  uystein  of  binomial  nomenclatnre  is  not  conceded  by 
all.  It  has  been  claimed  that  about  two  centuries  before  Liona^aa  pali- 
lished  his  "PhiloBophia  Botanies,"  Belon  bad  UDiformly  and  confid- 
ently applied  the  binomial  nomenclature  to  plants  as  well  as  animals, 
fishes,  and  birds.'  It  has  been  also  urged  that  0.  K.  Lang  (Langins).* 
in  1723,  used  the  binomial  nomenclatnre  for  shells.     I  have  not  been 


■  Crii^  (Louis).  Pierre  Belon  et  In  nomenclntare  binain.  Rev.  Sc.,  xxi,  737-740. 
9  Due,  1882. 

-  My  pffoTta  to  see  acop;  of  Lang's  "  HethodaB  novaTeBtBoea  mkrioa  in  sua*  Plinam, 
Genera,  et  Species  diBtribucDtli "  (Lucem.,  1722)  have  not  been  BDOceaafuL  Matos 
anil  Roebett  say  that  "  lie  is  tlie  first  wbuBe  generic  characters  are  founded  aa  iwni- 
modions  distinct  iocs,  but  expressly  state  that  "there  art  no  trivial  names."  <S« 
Trana.  Linn.  Soc,  vii,  156, 157.)     He  may  have  properly  appreciated  generm. 

ThiB  note  was  the  nrsult  of  coasideratioQ  of  Btatements  made  by  Dr.  Raphaal 
Blancbard  in  his  excellent  "  Rapport  pr^eeoi^  aa  Coagrts  lutemationaJ  de  Zoologie," 
pul>Ii8lied  in  the  "Bulletin  de  la  Soci6t^  Zoolugiqne  de  France  poor  I'aunpe  1889.'' 
Tbe  statements  were  made  therein  (p.  262)  that  Tonmefort  had  origiiuttrd  the 
binomial  uumenclature  (C'ect  ih  ToiirnefoTt  qne  rerient  sans  conteate  1*  gloire 
d'avoir  fondi5.  Iil  nomenclature  bitiairo)  and  that  aniODg  others  Lang  bad  folJowsd 
bin]  (L'example  <^tait  dotrnri :  Lang  et  Klein  appliquent  cette  ni^Ihode  &  la  descrip* 
tion  dcs  mollusques).  It  was  also  speciRcally  stated  (p.  264)  that  Eoological  nomen- 
elutnre  mis  iuitiateil  by  Lang  (la  nomeuclatorc  zoologiqne  ne  commence  r^eUemrnt 
tiu'eo  1722,  avec  Lang). 

Since  the  pnbliration  of  the  addrees  I  have  been  able  to  examine  Lang's  wort, 
and  du  not  find  tbat  the  i-ontentioD  iu  the  report  cited  ie  sustaioed.  Lang  divided 
tbe  marine  sbells  amoug  three  parts  (DOD-tnrhiiial«  Doivalves,  turbinate  nnivalvcB, 
and  bivalves) ;  each  part  (pars)  is  divided  into  claesee,  a  olasa  (claaBia)  into  saetioni, 
and  »  section  (sectio)  into  genera      One  series  will  fairly  illustrate  all. 

Class4 (Classts IV) is  named  "Strombi"  and  isdirided  into  twoseetions:  "Seetia 
I.  Strombi  ore  miperiuBaperto"  and  "Sectio  ii.  Strombi  integri."  The  first  sertioD 
iBdisintegrated  into  six  genera:  "  Genus  i.  Strombi  canalianlatiaonniinati,"  "Geniu 
u.  Strombi  caniiliculati  rostrati  ore  Himplici,"  "Genas  iii.  Strombi  i^analiculati ros- 
trati  ore  anguloso,"  ''tieuus  IV.  Strombi  canaliculati  rostrati  ore  labioao,''  "0«diu 
V,  Strombi  sulcati  vnlgaies,"  and  "Geuns  VI.  Strombi  sulcati  ore  labioso."  His 
species  are  named  accordingly,  those  of  "Oenus  i"  he'ing  designated  as  follows; 

"  Strombus  cnoalicnlatus  ncuminatus  laerii  ore  dattieulato  vel  ilriaio. 

"Strombos  canaliculutus  aciiminatus  tlrialu: 

"  Strombns  canal ictilat us  aciimiDatus  »lriala«  ^  grantilalm*. 

"Strombus  canalioulatus  acuminatus  ttriatat  ^  (nmtv«r*<M  per  moAm»  tlrianuB 
quati  tultatiia." 
And  so  on  witb  tbe  otliers. 

Tbd  gi-tieric  name  iu  each  case  bure  reproduced  is  indioated  by  romau  type  and 
tbe  sp«cilic  by  itiilics,  lusteuil  of  an  uninomial  geoeric  uaue  there  is  a  geneiie 
term  of  three  words  in  each  case,  and  the  specific   name  is  of  the  nature  of  s 

With  these  examples  it  ninst  l>e  ovident  that  a  different  meauing  has  been  atladud 
'>r.  Bliinchard  to  liiuomial  numi-ni'lature(uc>mencla(ure  binaire)ftam  that  enlei- 
1  l>y  tbe  prcHent  writer,  or  that  the  learned  author  has  based  his  statements  on 
ons  information. 
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able  to  coufirm  either  statement,  and  therefore  have  to  aide  with  the 
great  mt^iority  who  accord  to  Linniens  the  credit  of  that  achievement. 
Almost  all  the  natnraliets  of  the  United  States  accept  1758  as  the 
startiug  time  for  nomenclature,  and  now  most  of  the  naturalists  of 
Europe  take  the  same  view.  But  the  English  generally  accept  1766 
for  the  commeneemeiitof  their  oriBmology.  It  was  "after  much  delibera 
tion"  that  the  committee  of  the  British  Association  for  the  Advance- 
ment of  Science  determined  on  the  edition  of  1766.  It  was  only  because 
that  edition  was  "the  last  and  most  complete  edition  of  Jjinntt's  works, 
and  containing  many  species  that  the  tenth  did  not,^'  that  it  was  so 
selected — sorely  an  insnfflcient  reason.  A  principle  was  subordinated 
to  an  individnaL 

liogically,  the  avtoal  period  for  the  commencement  of  the  binomial 
nomenclature  ahunld  be  when  the  rules  for  that  nomenclature  were  dis- 
tinctly formulated ;  and  that  was  1751,  when  the  "  Philosopbia  Botanica" 
was  first  published.  Practically,  however,  it  makes  little  difference  for 
most  classes,'  whether  we  take  that  date  or  1758,  when  the  next  suc- 
ceeding edition  of  the  "Systema"  was  published.  But  it  does  make 
much  difference  whether  we  take  the  tenth  or  twelfth  edition.  There 
is  really  no  good  reason  for  keeping  Linusvus  on  that  lofty  pedestal  on 
which  he  was  enthroned  by  his  disciples  of  a  past  century.  His  work 
does  not  justify  such  an  elevation.  In  every  dejiartment  of  zoology 
contemporaries  excelled  him  in  knowledge  and  in  judgment.  May  we 
not  hope  that,  nitimately,  this  truth  will  be  recognized,  and  the  tenth 
edition  universally  accepted  for  the  first  work  of  the  new  eraT 

TEIVIAL  NAMES. 

The  binomial  system  has  come  into  prominence  through  a  sort  of 
developmental  process.  Although  now  generally  regarded  as  the  chief 
benefaction  conferred  by  Linnotns*  on  biology,  it  was  evidently  consid- 
ered by  him  to  be  of  quite  secondary  importance. 

The  first  extensive  use  of  it  occnrs  in  the  Pan  Suecicus,  i)nblished 
iu  1740,  where  the  author  mentions  that  to  facilitate  the  recording  of 
his  observations  he  had  nsed  an  "epithet"  in  place  of  the  differential 
character.^    It  was  thus  a  mere  economical  device  for  the  time  being. 


'  Ankclinolugj  wonld  be  most  affected,  for  Cletck'n  work  waa  piibliaheil  in  1T5T. 
'LioDwuB  himMiir  did  not  claim  this  ax  an  improvement  in  hlfl  acoonnt  of  llie 
advancemeat  bo  had  effected  in  Bcience. 

^PoMDmuB  nunc  ultra  dno  milUa  eiperimenta  <'urt)Mima  exhiliere,  i|Uip  Bii>pe 
deeita,  imino  siepe  bis  deciea  Bunt  iterata.  8i  aiiteiu  Humamiis  Florain  Kuei'.ioain 
HalmiiT,  1745,  &  ad  qnomlibet  berbam,  at  obartif  psrcatur,  nomeu  adpuaimua  jtene- 
ricDm,  niunenim  Florte  Sneoicn  &.  ifpitfaeton  qaoddam  loco  differentiiE,  nogotiuui  in 
MtDpendinm  facile  mittitnr. — Pan  Sueciciu,  pp.  228,  229. 

Tbia  theeis  it  attributed  to  NicelauB  L.  Hi-HBelgren  in  Berne  bililiograpliieB,  and 
natiitally  bo,  aa  it  beats  hU  nwne  in  the  title ;  but  Linnffing  probably  did  not  claim 
nrare  ttum  bit  own  in  olaiiniiig  the  anthorship,  altlioagb  Htvwelgren  apparently 
*nite  part  of  it  blmself.  It  is  Bometime*  difflcalt  exactly  to  fix  the  autbonbip  in 
tbe  caK  of  Bome  of  tbe  old  thMS*. 

Dcillizedoy  Google 
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Id  the  Philosophiii  Bntaoic;^  he  also  treats  it  as  a  matter  of  miiMr 
importaucc.  He  distingaishes  between  the  siiecific  name  and  tbe 
trivial. 

His  specific  name  corresponds  to  what  we  would  call  a  <li&gIKls^ 
(nomeii  ape^iflcum  est  itaqiie  difterentiii  esseutialis);  his  trivial  namp 
is  what  would  now  be  calle<l  the  specific'  It  is  merely  snggesteil  tii»l 
trivial  names  may  be  used  as  in  his  Pan  Suecicos,  and  should  cmidsl-^i 
of  a  single  wonl  taken  from  any  source.' 

This  system  was  fully  carried  out  in  the  succeeding  editions  of  the 
Systeiua  Naturie,  Both  names  were  then  given — the  nometi  Hi>ei:ificnm 
after  the  number  of  the  species,  under  each  genus,  and  the  nom«D 
triviale  before  the  nnmber,  in  the  margin. 

Linnu-us  ])laced  little  store  on  the  trivial  names,  antl  accredited  sach 
to  old  botanists;  but  he  took  si>ecial  credit  for  8i>eoific  names  (or  dia^- 
nosusj,  <:IiiimiDg  that  none  worthy  of  the  title  bad  been  given  before  him.' 

DBACONIAN   LAWS. 

For  generic  nomenclature  a  Draconian  code  was  provided  by  Linnipne 
and  Artedi.  It  is  now  a  masim  of  good  legislation  that  excessive  sever- 
ity of  law  is  apt  to  defeat  the  object  sought  for,  and  the  tendency  <rf 
civilization  is  to  temper  Justice  with  mercy.  So  has  the  tctideucf 
of  scientific  lulvancement  been  towanl  a  mitigation  of  the  LioDa-an 
code.  Nevertheless,  its  severity  is  more  or  less  reflected  in  later  t-otles— 
even  the  latest — and  therefore  a  review  of  some  of  those  old  cai>ons 
will  not  be  entin.>lf  a  resurrection  of  the  <lead,  and  may  contain  a 
warning  for  the  future. 

Ill  oKcluaiveness  for  generic  names  Linnivus  and  Artedi  went  far 
aliewl  of  any  of  the  moderns.  They  proviiled  that  no  names  were 
available  for  genera  in  zoology  or  botany  which  were  used  in  any  other 
class  of  animals  or  plants,  or  even  which  were  used  for  miaeralts  tool:!, 
wea|H>ns,  or  other  instrument^  or  eveu  places.' 

'■JST,  NtiniPD  s]i«<'ili<-uin  Ir^ilimiim  tiUuum  ;ili  uaiiiifciri  roogmeribiu  <159)  >1iKltn- 
i;ual:    rririnlr  ;iiit.iii  nuuii'U  Irgibiis  t-liumiiiLiu  i-srt't.— rbil.  BoU.  p.SOC. 

•Nomina  Triviaua  forte  »duiiui  possuDl  muila,  quo  id  Fame  imerica  iibqh  hub: 


IHiuioiii?.  J*  ilitlrnMitia  anicr  aollicili.— Ph. 
Trivialia  pnnt  aniiqiaissuDvmtn  KoUoi- 
■  ;  lij^f-w-  VMO  £n*«f(alH  spwici  Wl 
>  i-i'u>lrr«.  aiiMMeDalladiflrrrnUidijn* 
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T'lider  this  rule  such  iiaines  as  Acus,  Belone,  Citharvs,  Hippoglossws, 
lAngula,  UnrnctiUi,  OrMg,  Orva,  liemorn,  Solea,  and  Umbra — all  now  or 
sometimo  in  common  use— were  i42>ecifle(l. 

This  rule  was  soon  relaxed,  and  any  name  not  previously  used  in 
zoology,  or,  at  most,  biology,  was  considered  admissible. 

Another  rule  send»  to  Coventry  all  names  composed  of  two  names  of 
ditlBrent  animals,  because  it  might  be  uncertain  to  which  genus  an 
animal  really  belongs,'  The  ancient  name  "Bhino-Batus"is  even  men- 
tioned as  one  of  the  delicti). 

This  rule  is  also  without  any  Justification,  and  the  reasou  given  for  it 
baseless.  Comp«)und  wordH  of  the  kind  exiled  are  iu  entire  harmony 
with  the  genius  of  the  classic  tangoages.  As  an  illustration  of  their 
use  among  the  Greeks,  we  need  refer  to  one  group  only — that  is,  com- 
pounds with  hippos,  as  Hippalectryon,  llij^anlhropog,  Hijypardion,  Hip- 
pelaphos,  HippocampoH,  Jlippotigrvi,  and  Jlippotragelaplton.  {Hippokan- 
Ikaron,  Jlippomiirmej;  Hippojtareos  and  Hipponelinon  are  other  classic 
Greek  words,  but  do  not  belong  to  the  same  category  as  the  others, 
inasmuch  as  they  were  used  in  a  sense  analogous  to  linrse  chestnut, 
horse-mackerel,  and  horseradish  with  us,  the  word  "horse"  in  this 
connection  conveying  the  idea  of  strength,  coarseness,  and  bigness.) 

In  another  rule,  all  words  are  iiroscribed  us  };eueric  uames  which  are 
not  of  Latin  or  Greek  origin;'  and  among  the  proscribed  are  snch 
names  as  Albula,  Jtlicca,  Carasaius,  and  many  others,  which  were  later 
used  by  Liima^us  himself  as  Bi>ecitic  names,  and  which  arc  now  used  as 
generiu  den ond nations. 

Words  with  diminutive  terminations  were  barely  tolerated,  if  admitted 
»t  all,-''  and  the  reason  allegeil  for  such  treatment  was  that  the  cardi- 
nal name  might  belong  to  another  class.  Among  the  examples  named 
were  Anj/uilla,  Aaellwi,  Lcucuctu,  Lingula,  <tnincun,  and  Ophidian,  now 
familiar  in  connection  with  s<nne  of  our  best-known  genera.  One  of 
these — Ophidian — was  subsequently  used  by  Linuieus  himself  as  a 
generic  name. 

All  are  now  tolerated  withoat  demur  even,  and  probably  by  most 
naturalists  were  never  supposed  to  have  been  tainted  with  ofl'ense  of 
any  kind.  For  all  snch  words  we  have  also  classical  examples;  and  four 
have  already  been  named — the  Onisoia  and  Ophtdion  of  the  Greeks, 
adopted  by  the  liomans,  and  the  Angnilla  and  Asellus  of  the  Latins. 

Generic  names,  derived  from  Latin  adjectives,  were  also  declared  to 
be  unworthy  of  adoption.*  Aculeatm,  Centriac.  and  Coracinm  were  cited 
as  examples  of  words  that  should  be  rejected  under  this  rule.     Later 

'NomiDa  generita,  ex  ano  iioniitto  gunerico  fracto,  et  allero  inUigro  compoflitk, 
eiulcnt     Linn.  Fund.  224.— An.  Ph.IcU.,  J  ISW. 

'"Nomina  g»neriRa,i|uui  iion  Himt  origiuial>atiuu<T<^l  Qr^'Cic,  pToacribantnr.  Linn. 
Fund.  229."    Art,  Ph.  Uh.,  J  198. 

'"NoDiinit  ({"it^'^i*^''  •liiiiiiintivu  vii  toleranila  arint.  Liad.  Fnnd.  227."  Art.  Pb. 
Ich.,  (  202. 

Ftiticornm  more  imiicobaada  sDiit.     Lion.  Fund.  235."    Arti  I'll.  lc^,ni  UM^  K~ 
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writers  have  repeated  the  deDnncifttioDS  ottered  by  LinnsenB  and  Artedi, 
aod  refoeed  to  adopt  each  words.  Bat  hear  wliat  Plutarch  says  of 
names  of  men  derived  &x>m  adjectives. 

In  hia  life  of  Coriolanns,  Plutarch,  in  recoanting  the  events  snbse- 
qnent  to  the  capture  of  Corioli,  and  the  refusal  of  Marcius  to  accept 
more  than  his  share  of  the  booty,  comes  to  the  proposition  of  Cominioa.' 

Let  OS,  then,  give  him  what  is  not  in  his  power  to  decline;  let  us  pas« 
a  vote  that  he  be  called  CorioUmun,  if  his  gallant  behavior  at  Oorioh 
has  nut  already  bestowed  that  name  apon  htm.  Hence  came  bis  third 
name  of  Ooriolanus,  by  wliii'h  it  appears  that  Caius  was  the  proper 
name;  that  the  second  name,  Marcias,  was  thatnf  the  family;  and  that 
the  third  Boman  appellative  was  a  peculiar  note  of  distinction,  ^ven 
afterwards  on  accoant  of  some  particular  act  of  fortune,  or  siguatnie, 
or  virtue  of  him  that  bore  it.  Thus,  among  the  Greeks  additiCHul 
names  were  given  to  some  on  acx;oaut  of  their  achievements,  as  Soter, 
the  preserver,  and  Callintctu,  the  ru-loriou«;  to  others,  for  something 
remarkable  in  their  persons,  as  Phi/sron,  the  gorebellieti,  and  Gripttt,  t)u 
eagle- nosed ;  or  for  their  good  quatitieti,  as  Euergetes,  the  benefactor,  aod 
Phiiadelphus,  the  Uind  brother;  or  their  good  fortnne,  as  Eudeemon,  the 
protperoug,  a  name  given  to  the  second  prince  of  the  family  of  the  Batti. 
Several  princea  also  have  had  satirical  names  bestowed  upon  them: 
AntigonuH  (for  instance)  was  called  J)oson,  the  man  that  trill  gire 
tomorrow ;  and  Ptolemy  was  styled  Lamyra»,  the  buffooii.  But  appella- 
tions of  this  last  sort  were  used  with  greater  latitude  among  the 
Romans.  One  of  the  Metelli  was  distinguished  by  the  name  of  .Diatle- 
matwa,  because  he  went  a  long  time  with  a  bandage,  which  covered  an 
ulcer  he  had  in  his  forehead ;  and  another  they  called  Celer,  because 
with  surprising  celerity  he  entertained  them  with  a  funeral  show  of 
gladiators  a  few  days  after  his  father's  death.  In  our  times,  too,  some 
of  tiie  Itomaiis  receive  their  names  from  the  circnmstancea  of  their  birth; 
ax  that  of  Prtn-wlus,  if  born  when  their  fathers  are  in  a  distant  country; 
and  that  of  Poitthumus,  if  born  after  their  father's  death;  and  when 
twins  come  into  the  world,  and  one  of  them  dies  at  the  birth,  the  snr- 
\'lvor  is  called  Vopiscux.  Names  are  also  appropriated  on  acconnt  of 
b(Hlily  imimrfections;  for  among  them  we  find  not  only  Splla,  the  red, 
and  Xii/er,  the  black,  but  even  Cacus,  the  blind,  and  Claudiiu,  the  lame: 
such  persons,  by  this  custom,  being  wisely  taught  not  to  consider 
blindness  ur  any  other  bodily  misfortune  as  a  reproach  or  disgrace,  but 
to  answer  to  upi>ellations  of  that  kind  as  their  proper  names. 

What  was  good  onongh  for  the  ancient  Bomaus  to  bestow  on  the 
most  admired  of  their  heroes  is  good  enough  for  the  nomenclature  of 
our  genera  of  animals.  We  have  also  examples  of  names  of  at^ective 
foi'in  U80<l  substantively  for  animals  among  classic  writers.  Such,  for 
example,  an\  the  Aculeatus  (piite-flsh)  and  Oculata  (lamprey  or  uiue- 
eyes),  mentioned  by  Pliny. 

Linnifus  himself,  later,  coined  many  names  having  an  adjectivu 
form ;  and  three  of  his  genera  of  plants  of  one  small  family,  so  desig- 
nat4^'d,  OCX"  '    region — {<aponaria,  Arenaria,  and  Stellaria.     Yet 

even  at  t  v  we  have  evidences  of  the  lingering  of  the  old 

idea  emb  ion  in  <)ue8tion. 

lutioQ  of  I'lutarcb'a  Lives  ia  iiuuted  from. 

DcillizedoyGOOgIC 
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We  have  al30  had  drawn  up  for  iia  certain  rules  far  tbe  converuioD 
of  Greek  words  into  Latin,  which  nre  tinctured  with  more  than  Bomau 
severity.  Thus,  we  are  told  that  Greek  names  endiug  in  -os  should 
always  be  tamed  into  -im;  that  the  flua)  -on  is  iDadmiasible  in  tbe  new 
Ijatio,  and  should  iDvariably  bo  rendered  by  -um. 

In  accordance  with  such  rules,  Rhinoceros  has  been  turned  into 
Jihinoceriig,  and  Rhinocerutidre  m\a  Rkinocerida;,  Bnt  Bkinoceroa  was 
admitted  Into  classical  Latinity,  and  with  it  the  corresponding  obliqae 
cases,  Rkitwcerolis,  etc.;  in  fact,  the  word  was  cnrreiit  in  the  language 
of  description,  satire,  and  proverb — as  when  used  by  Jnvenal  for  a 
vessel  made  of  the  horn,  or  by  Lucilins  for  a  long-nosed  man,  or  by 
Martial  in  the  proverbial  expression,  "ff^asum  rhiuocerotis  habere;" 
i.  e.,  to  turn  the  nose  up,  as  we  woald  say.  These  authorities  are  good 
eoongh  for  me. 

The  termination  -on  was  also  familiar  to  the  Romans  of  dassic  times, 
and  numerous  words  with  that  ending  may  be  found  in  the  books  of 
Pliny.  But  oar  modem  purists  will  have  none  of  them;  the  Greek  -on 
in  tbe  new  Latin  must  always  become  -^m.  For  example,  Ophidion  wan 
tlie  name  given  to  a  small  conger-like  eel,  according  to  Pliny,  and  was  • 
(without  reason)  supposed  to  have  been  applied  to  the  genus  now  called 
Ophidiumi  and  this  last  form  was  given  by  Linui^as,  who  eventaally' 
refused  to  follow  Pliny  in  such  barbaric  use  of  Latin.  But  Pliny  is 
good  enough  for  me — at  least  as  a  Latiiiist. 

Another  rule  prohibits  tbe  use  of  such  words  as  -IKgir,  Oiindul,  Moho, 
Mitu,  Pudn,  and  the  like,  and  provides  that  they  should  have  other  ter- 
minations in  accordance  with  classical  usage.  But  why  should  those 
words  be  changed  and  surcharged  with  new  endingsl  As  they  are, 
tbey  are  all  uniform  with  classical  words,  yf.'jjir  has  its  justification  in 
vir,  Gondul  in  consul,  Moho  in  homo  (uf  which  it  is  an  accidental  ana- 
gram), and  Mitu  and  Pudu  are  no  more  cacophonous  or  irregular  than 
c^mu.  I  therefore  see  no  reason  why  we  should  not  accept  the  words 
criticised  and  corrected  by  some  nataralists  in  their  original  form,  even 
if  we  consider  tbe  question  involved  as  grammatical  rather  than  one  of 
scientific  convenience. 

I  have  thus  defended  some  of  the  names  of  our  old  nomenclators,  and 
really  think  the  mies  laid  down  for  name  making  were  too  severe.  But 
those  rules  were  on  the  whole  judicious,  and  should  not  be  deviated 
irom  by  future  nomenclators  without  good  and  substantial  reason. 
Bven  if  too  severe,  tbey  "lean  to  virtue's  side."  On  the  other  hand, 
let  old  names  be  respected  in  the  interest  of  stability,  even  if  slightly 
misformed. 

UISAPPLIED  NAMES. 

While  Lino.'enB  was  so  exacting  in  bis  rules  of  nomenclature  in  the 
cases  cited,  in  others  he  was  extremely  lax.  It  is  due  to  him,  directly 
or  indirectly,  that  onr  lists  of  genera  of  vertebrate  animals  especially 

'  At  first  (in  tUu  tenth  eililion)  LinDn'OS  allowed  Ophi4ioH. 
BM96 30 
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are  encnmbered  with  so  maDy  ancient  names  tliat  we  know  were  applied 
to  very  different  animals  by  the  Greeks  and  Itomaus.  It  is  LiimH^c 
that  was  directly  responsible  for  the  inisase  of  tiucli  generic  names  of 
mammals  as  Lemur,  Mania,  Dasypus;  sueli  bird  names  as  Trockilu*. 
Coronas,  I'hai^ton,  Diomedea,  Meleagrix,  and  {partly  with  Artedi)  rqcIi 
fish  names  as  Ohimwra,  Ceittrigcus,  Pegaatm,  GuUioaymug,  Trigla,  Amia, 
Tenthis,  Esox,  Etops,  Mnrmyrus,  and  Exocwiuit.  These  all  were  applied 
by  the  ancients  to  forms  most  of  wlneli  arc  now  well  ascertained,  and 
the  animals  to  which  they  have  been  transferred  have  nothing  in  com- 
mon with  the  orif^nal  possessors  of  the  names. 

The  misuse  of  these  ancient  names  is  in  contravention  of  the  rule 
adopted  by  the  International  Zoological  Congress  held  in  Moscow 
(1892),  that  "every  foreign  word  employed  as  a  generic  or  specific  name 
Bhonld  retain  the  meaning  it  has  in  the  language  from  which  it  is 
taken,'*  and  of  like  rules  of  other  associations.  The  false  application 
by  Liun.'eus  and  bis  followers  (and  he  had  many)  was  due  partly  to  the 
belief  that  the  ancient  names  were  unidentifiable,  bnt  now  there  are  few 
whose  original  jiertinence  is  not  known.  It  may  be  thonght  by  some, 
.  however,  that  we  are  nndiily  criticising  the  doings  of  the  past  from  Ihe 
vantage  ground  of  the  present.  But  such  is  not  the  case,  for  at  the 
commencement  of  his  career  Linuicus  was  taken  to  task  for  the  fanll 
indicated.  Some  of  those  criticisms  were  so  apt  that  they  may  be 
advantageously  repeated  here. 

Dilleninsjof  Oxford,  wrote  to  Linnatas  in  Auga8t,173T,in  these  terms: 

We  all  know  the  nomenclature  of  botany  to  be  an  Augean  .stable, 
which  C.  Hoffmann,  and  even  (Jesner,  were  not  able  to  cleanse.  The 
task  requires  much  reading  and  extensive  as  well  as  various  erudition; 
nor  is  it  to  be  given  up  to  hasty  or  careless  bands.  You  rush  ui>on  it 
and  overturn  everything.  I  do  not  object  to  Greek  words,  especially 
in  compound  names;  but  I  think  the  names  of  the  antients  ought  not 
rashly  and  promiscuonsly  to  be  transferred  to  our  new  genera  or  those  of 
the  New  World.  The  day  may  possibly  come  when  the  plants  of  Theo- 
])brastus  and  Dioseorides  may  be  ascertained,  and  till  this  happens 
we  had  better  leave  their  names  as  we  find  tlieni.  That  desirable  end 
might  even  now  be  attained  if  anyone  would  visit  the  countries  of  these 
old  botanists  and  make  a  sufficient  stay  there;  for  the  inhabitants  of 
those  regions  are  veryretcntivc  of  names  and  customs,  and  know  plants 
at  this  moment  by  their  antient  apjiellations,  very  tittle  altered,  as  anj 
])ersoD  who  reads  fiellonius  may  perceive.  I  remember  your  being  told 
by  the  late,Mr,  G.  Gherard  that  the  modern  Greeks  give  the  name  of 
Amanita  {irfjnvtTa)  to  the  eatable  field  mushroom,  and  yet  in  Crilica 
Jiotanica  (p.  50)  you  suppose  that  word  to  be  French.  Who  will  over 
believe  the  Thya  of  Theophrastus  to  be  our  Arbor  ritwt  Why  do 
you  give  the  name  of  Cactus  to  the  Tunat  Do  you  believe  the  rami, 
~<iT  Melocacfus  (pardon  the  word),  and  the  Arbor  ritw  were  known  to 
ThcophrastusT  An  attentive  reader  of  the  description  Theophrastns 
gives  of  his  Sida  will  probably  agree  with  me  that  it  belongs  to  our 
Xympha'a,  and,  indeed,  to  the  white- tlowered  kind.  You,  without  atiy 
"ason,  give  that  name  to  the  Malrinda,  and  so  in  various  other  in- 
nces  concerning  antient  names,  in  whivh  I  do  not,  like  Rnnninin, 
lie  yon  fur  introducing  new  names,  bnt  for  the  bad  ap]dioatit>uof 
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old  ones.  If  there  were  iu  tbese  caaee  auy  resemblance  between  yoor 
l>li^nts  and  those  of  the  aiitients  yon  miRbt  be  excusetl,  but  there  ia  not. 
"W"l>y  do  you  ( [>.  (>8)  derive  the  word  Medica  from  the  virtues  of  the  jjlant, 
when  riiny  (Book  XVIII,  chap.  IC)  declares  it  to  have  l>een  bronght 
from  3lediaf  Why  do  you  call  the  Molucca  Molucellat  It  does  not, 
nor  oogh  t  it,  to  owe  that  name,  as  is  commonly  thought,  tu  the  Molucca 
Island)),  for,  as  Lobel  informs  us,  the  name  and  the  plant  are  of  Asiatic 
ori^n.  Why,  then,  do  you  ailopt  a  barbarous  name  and  make  it  more 
barbarousT  liiscutclla  in  not,  as  you  declare  ip.118),  a  new  name,hav- 
in^  alreatly  been  nsed  by  liobel.  I  am  surprised  that  yon  do  not  give 
the  etymology  of  the  new  names  which  you  or  others  have  introduced. 
1  wish  yon  would  help  me  to  the  derivation  of  some  that  I  can  not 
trace,  as  Ipoma-a,  for  instance.  Why  are  you  bo  olfended  with  some 
-wordB,  which  you  denominate  barbarous,  though  many  of  them  are 
more  harmonious  than  others  of  (Ireek  or  Latin  origin! 

A  year  later  (August  28,  1738)  be  again  wrote: 

It  would  surely  have  been  worth  your  while  to  visit  Greece,  or  Asia, 
that  you  might  become  acquainted  with,  and  point  out  to  us,  the  plants 
of  the  antients,  whose  appellations  you  have  so  materially,  mid  worse 
than  any  other  person,  misapplied.  You  ought  to  be  very  cautions  in 
changing  names  and  appropriating  tbem  to  particular  genera. 

How  entirely  the  previsions  of  the  wise  old  botanist  have  been  realis'^d 
I  neeil  not  explain.  We  now  know  what  almost  all  of  the  names  mis- 
applied by  liinniens  and  bis  school  were  meant  for  of  old;  and  when 
some  more  good  naturalists  collect  names  and  specimens  together  in 
various  parts  of  Greece,  probably  very  few  of  the  ancient  names  will 
remain  an  identifiable. 

The  only  reply  that  Linnntus  could  make  to  the  censures  of  Dillenius 
apitears  in  the  following  minuter: 

With  regard  to  unoccupied  names  in  antient  writers,  which  I  have 
adopted  for  other  well-defined  genera,  I  learned  this  of  you.  Von, 
moreover,  long  ago,  pointed  out  to  me  that  your  own  Draba,  Nova  PL 
Oenera  122,  is  diO'erent  from  the  plant  so  called  by  Dioscorides. 

The  retort  of  one  sinner  that  his  antagonist  is  another  is  no  real 
answer. 

The  comments  of  the  British  committee  of  18fi5  on  this  snbiject  are 
verj-  Judicious  and  pertinent. 

The  naeof  mythological  names  for  animals  and  plants  is  far  less  cul- 
pable. The  use  of  such  is  no  worse  than  that  of  any  meaningless  name. 
Sometimes,  even,  there  may  be  conveyed  an  association  of  ideas  which 
appeals  to  the  imagination  in  a  not  disagreeable  manner.  For  example, 
LiuDisus  gave  the  name  Andrinneda,  after  the  Ethiopian  maid  whose 
mother's  overgreat  boasts  of  the  daughter's  beauty  made  her  the  vic- 
tim of  Poseidon's  wratb.  Linmens  .justified  bis  procedure  by  a  remark- 
able play  of  fancy: 

Tills  motit  choice  and  beautiful  virgin  gracefully  erects  her  long  and 
shining  neck  (the  peduncle),  her  face  with  its  rosy  lips  (the  corolla)  far 
excelling  the  best  pigment.  She  kneels  on  the  ground  with  her  feet 
bound  (the  lower  part  of  the  stem  incumbent),  surrounded  with  water, 
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sod  tied  u>  s  Tot^  a  pn^enmc  «lod^  exposed  to  frigfatiiil  dragOBS 
fnj?'  aikd  new  .  Sm  btnds  her  ew riiafnl  ftce  (the  flowpr)  towards 
tliecank.  •^ntdi**  up  ber  fniKweait  aras  Itbebnocbee)  toward  heaven. 
witnhj  of  a  httttr  fJatc  and  happier  &te,  antil  the  weleome  Perseus 
'Batumo',.  after  eooqtienBg  tlM  aiMSter.  draws  her  oat  of  the  wat^r 
aod  renders  her  a  finutAd  aothcr,  vhea  she  raises  ber  head  (the  froit; 
ervet. 

The  relatioD  of  the  old  Myth  t»  the  plant  may  be  EEU^tched,  and  no 
other  would  em  be  likdr  to  notice  the  analogy  without  eoggestion: 
bat  at  least  the  conceit  n  baiuikaa.  if  not  agreeable. 

Hie  aoaUnry  that  g»ve  rU^  to  this  bnrifal  description,  contained  in 
the  '■  Flora  Lappooica,'  sogsested  itself  to  Linna^ns  on  his  Lapland 
j<»amey: 

Tbe  Cbamsdaptane  of  Boxbaam  was  at  this  time  in  its  highest  beaaty, 
decorating  the  marshy  gronnds  io  a  most  agreeable  uianoer.  The  flow- 
ers are  qaite  blood  red  Itefore  they  expand,  bat  when  full  grown  the 
corolla  is  of  flesh  color.  Scarcelyaoypaiater'Kwtcati  soLappily  imitate 
tbe  beanty  of  a  fine  female  complexion;  still  less  could  any  artificial 
color  a[M>n  tbe  face  itiself  bear  comparison  with  this  lovely  blossom.  As 
I  contemplated  it,  Icoold  not  help  thinking  of  Andromeda  asdescribed 
by  tbe  poets;  and  tbe  more  I  meditated  npon  their  descriptiDns,  tbe  more 
applicable  they  seemed  to  the  little  plant  before  me;  so  that,  if  these 
writers  had  bad  it  in  view,  they  conid  scarcely  have  contrived  a  more 
apposite  fable.  Andromeda  is  represented  by  tbem  as  a  virgin  of  most 
ex<|uisite  and  unrivalled  charms;  but  these  charms  remain  in  perfection 
only  so  long  as  she  retains  her  virgin  parity,  which  is  also  applicable  to 
tbe  plant,  now  preparing  to  celebrate  its  nuptials.  This  plant  is  always 
llxed  on  Home  little  tarfy  billot^k  in  the  midct  of  the  swamps,  as  Andro- 
riieda  herself  was  chained  to  a  rock  in  tbe  sea,  which  bathed  her  feet,  as 
the  tVenh  water  does  the  roots  of  tbe  plaut.  Dragons  and  venoiuons 
Herpcnts  surrounded  her,  as  toads  and  other  reptiles  frequent  the  abode 
of  Iter  vegetable  prototype,  and,  when  they  pair  in  the  spring,  throw 
mad  and  water  over  its  leaves  aud  branches.  As  tbe  distressetl  virgin 
cast  down  ber  blnsbing  face  through  excessive  atfiiction,  so  does  the 
lony-wdored  flower  hangits  head,  growing  paler  and  palerlill  itwithere 
away.  Hence,  as  this  plant  forms  a  new  genus,  [  have  chosen  for  it  die 
uume  of  Andromeda. 

DOUBLE  NUfES. 

It  wan  long  the  custom  when  a  specific  name  was  taken  for  a  genns 
l<)  Htibstitute  a  new  specific  for  the  one  so  diverted.  There  was  some 
rcMHon  for  this,  for  sometimes  tbe  specific  name  covered  several  forms, 
or  at  least  was  eciually  applicable  to  several;  of  late,  however,  the 
iiccept'iince  of  both  tbe  generic  and  specific  names — that  is,  the  duplica- 
tlciti  of  a  name — has  been  quite  general,  and  various  precedents  have 
been  lulduccd  in  favor  of  the  procedure.  "  In  the  solemn  anthem  ina^- 
cirtiis  have  been  known  to  favor  such  repetitious,  tbe  orator  uses  them, 
111  p(«>try  they  occur  without  ofTeuse,  and  even  our  English  iiristocnicy 
MnHU'tlinoH  I)CHrs  tlieiu  as  an  added  grace."'     It  is  also  a  frequent  cns- 

>ii  VarouB  and  half-civilized  races,  as  well  as  the  young  of 

<8t«bkhif[  in  Kftt.  Silence,  viii, 255. 
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oar  own,  to  doable  tbe  nnme  for  a  given  sabject ;  and  this  analogy  may 
be  regarded  by  some  of  you  as  a  perfect  oue.  Bat  in  the  last  cases 
some  regard  is  had  for  euphony,  and  it  is  a  short  word  that  is  re^ieated, 
as  iu  the  case  of  the  Kiwi-Kiwi  and  Roa-Koa  of  the  Maoris  of  New 
Zealand,  the  Pega-Pega  of  tbe  indigenes  of  Cuba,  the  Willie- Willie 
( waterspout)  of  tbe  Australians,  and  our  own  familiar  Pa-pa  and  Ma-ma. 
Mauy  scleotiflc  namea  repeated  are  long — some  very  long — but  even  for 
sacli  I  would  now  yield  the  point.  Stability  of  nomenclature  is  a 
greater  desideratum  than  eaphooy  or  elegance.  But  here  let  nie  add 
that  there  is  a  history  behind  the  Scomber  Scomber,  which  has  been  fre- 
qnently  cited  as  an  example  of  the  duplication  of  a  name  by  Linnii^as. 
It  was  Scomber  iScamhrtis  that  was  used  at  first  by  the  early  nomenclator, 
and  that  occurs  in  the  tenth  edition  of  the  "  Systema  Natune"  (p.  297), 
ns  well  as  in  tbe  "Fauna  SuecJca"  (2d  ed.,  p.  119).  Linmeas  thus 
combined  tbe  old  Latin  and  Greek  names  of  the  mackerel,  which 
were  formally  different,  although  of  course  traceable  to  one  and 
the  same  root.  The  name  is  therefore  not  repulsive,  hut  interesting 
as  an  historical  reminiticence  of  past  usage  by  two  great  peoples.  It 
was  only  in  the  twelfth  edition  of  tbe  "Systema"  (p.  492)  that  Lin- 
Qteus  exactly  duplicated  the  name  as  Scomber  Scomber,  and  thus  viti- 
ated the  last  edition  in  this  as  he  did  in  other  cases.  But  it  is  at  least 
possible  that  the  exact  duplication  of  names  in  the  twelfth  edition  is 
the  offspring  of  typographical  inaccuracy  or  clerical  in  advertence.'  At 
any  rate,  those  who  recognize  tbe  tenth  e^lition  of  the  "Systema"  as 
the  initium  of  nomenclature  will  adopt  the  more  elegant  form. 

TABIANTB  ATO)  BI»LLABITT  OP  NAMES. 

The  case  of  Scomber  and  Scombrm  natutitlly  suggOHt  consideration  of 
another  rule  n<1opted  by  varions  societies.  By  tbe  tierman  ZoologiCitl 
Society  it  is  provided  that  "names  of  the  same  origin,  and  only  differ- 
ing fh>m  each  other  in  the  way  they  are  written,  are  to  be  considered 
identical."'    Words  considered  identical  are  Fiseheria  and  Fi»heria,  as 

'  Id  the  luat  part  of  the  Proc«ei1lDg«  of  the  Zoological  Society  of  Louilon  (1896,  II), 
received  September  5,  the  suggeBtion  that  Scomber  Scomber  vat  a,  lapaiiH  in  cnnfirmeil. 
According  to  Dr.  Sclater,  "on  referring  to  the  two  copies  of  the  twelfth  edition, 
fiinuerly  belonging  to  Linnifna  himself,  and  dow  in  the  library  of  the  Linn^HD 
Societ;,  it  will  be  found  that  the  second  .Scomber  is  altered,  apparently  iu  Linnieiie' 
own  handwriting,  into  Sconbrv*.  (See  nota  on  this  subject,  'Ibis,'  1895,  p.  168.)" 
P.Z.S.,1896,310.311. 

'-"EtymologiHOh  gleich  abgeleitet«  und  nar  in  der  Sohreibweise  von  einander 
abwelohende  Nanieu  gelten  als  gleich. 

Beisplele:  illreflrtl=:(ylreatru;  carnleiiu=:canilaui;  ti»nai-=ti»nei;  FUeheria :=^ 
Fithiria;  jl»lracantiiii^ Afteracaitthin, 

a.  Dagegeu  konnen  neben  einander  verwendet  werden  Fieut  nod  Pica ;  PolgoioH, 
Peljtdoiita,  and  Polifodontei ;  JtuvUtUt,  JtuvialilU,  flarialicut,  fluiHorun ;  moluccentii 
and  uolueeattut, 

b.  Bel  N«nbildung  von  Namen  muge  man  solche  vermeiden,  wekhe  leicht  mit 
tchoB  vorlutndeoen  yerweohselt  werden  kunnen."  Regeln  ■  ■  •  yoiLder  Deptscii. 
MwLQea..M.  '   ■    -jA.dO^^IC 
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wtj  SB  J«tr«0aMi*K«  airc  .lAinnMnMuia*;  aad  iMMix:  words  mflh-ientiy 

Wi^ii  nJt»  ak»-  'Qtn-  nikuii  :i.  l2ti«  iiiih  iiiin  Haaner  tlte  wsy  U 
at  MM«  «ii«ci  '•»•  •L.ScvcK'fw?-  i-f  f^ciuiA  aa  lu  «kat  art  t"  be  considcnd 
idt-jjiif-aJ  ^rr  Ujo  r.:;'i  ^Cf.  Fi*rii,rrim  amd  FiiirrtM  mppear  toise  to  be 
MJ&<-M-LtJr  <l:<^zi'-i.  i>i>-3  «<.<a3o  oc  ih>  ooosdered  by  ^oae  who  think 
tiuit  Foifif^</m.  /'f  ^•i^mtt.  Aiid  I'tMfd^mlet  ai«  t<w  neariy  alike.  \%^le 
Utc  lari  liiTM  are  c*>iM«iled  tu  Im-  ssTbcwuJy  distiart  by  tbe  German 
Zim44^-^  Ss-ieiy,  au^ilu^uu^  l<«-m&.  ar-  BettroJ«m  and  HftervdoMlvi, 
are  i-LtiBed  by  m>iih;  E>-^i->p-i»  i"  be  uio  f^BiQar.  and  «>iise>|aeiitly  the 
latXxr  priur  aitd  distitH-tiT«  nuoevt  the  —  Port  Jackaoo  shark  ~  is  sar- 
rilired  in  favor  of  tb*-  later  asd  iiia{>l  Cecfrarwa — a  name  originally 
«o<DeiI  and  ai>])ntpnate  Am-  ibe  haMUDcr-beadt-d  t-harfc&.  bat  misapplied 
to  till;  Auftlraliau  .sliark. 

I  aj^ree  with  tbore  «bo  think  that  eveu  a  diffnoice of  a  single  letter 
iu  ttitnn  I'lLnfA  is  Hiflieieiit  to  entitle  two  or  more  geooic  names  so  dif- 
f«riui;  to  Ntand.  Tbe  i-bemid  has  funnd  sodi  a  difference  itot  only 
anijile  but  m^mt  eouveult-iil  iw  designate  the  valency  of  different  com- 
poaridK,  at  ferricyaDogeu  and  ferrocyanogeu.  I  am  pre|>ared  now  to  go 
back  ou  mvi^lf  in  this  respect.  In  1S31  Prince  Max  of  Xieuwied 
tiamed  a  birtl  Hcapkvrlifnclitu,  and  in  1835  H«ckel  gave  the  name  UmiA- 
ir/i]ftuk»»  to  a  linh  geuns.'  In  I.SUS  I  need  a  new  name  I  ticapkirkyn- 
chop*)  for  the  aciitem^rfrid  genus,  anil  that  Dame  was  adopted  by  other 
naturalists,  Jordan  later  oousidered  tbe  literal  differences  between 
tbe  avtne  and  piscine  generic  names  to  be  sufficient  for  both.  I  yield 
tbe  jMiiiit,  and  abandon  my  name  &-apkirk^ckopt.  But  those  who 
bold  t"  tbe  rule  in  ((aeHtioD  will  retain  iL 

Another  i^et  of  cases  eshibitiDg  diversity  of  opinion  may  be  exempli- 
II  t^. 

In  Iti^i-J  lieiiihardt  gave  tbe  name  Triglopt  to  one  cottoid  genns,  and 
in  iroi  tiirard  uamed  another  Truflopti^,  Oirard  apparently  not  know- 
ing of  Iteinliardt'H  genus.  In  1860  tbe  later  jiame  was  repluce<I  by 
I'tyiiHotuM.     All  American  naturalists  bave  repndlated  the  last  name. 

in  1K54  Girard  named  a  genns  of  Atlierinida  AUt^nopnt,  and  in 
IMTii  Hteindachner,  knowing  well  the  name  of  Girard,  deliberately 
calle<l  a  relateil  geiiuB  Afheritwps.  Ko  one,  as  yet,  has  i|uestioned  the 
availability  of  the  later  name,  but  one  who  refuses  to  adopt  Triglopnia 
because  of  tbe  earlier  TrigUtps  mast  anbstitute  another  name  for  Atker- 
inopit. 

Who  Mball  decide  in  such  cases,  and  what  shall  be  the  standardT 

'  III  n<'u  (if  Duplaoatiotia  of  the  elymolog;,  it  may  be  aaaumeJ  that  Satpkirisiieliia 
wwt  ilitrlved  frum  enaOiia,  a  iligging  or  hoeing,  &nd  that  Seaphoriisncliut  ia  rrom 

6ni'i«tii,  »lijt'' '—""■wed,  as  a  boat.     Botb  Seapkorhynchiii  aad  ScajitirkjiriMiu 

iri're  iliTiviM  ^capbu;  iivyxm;,  rostrnm '  by  Agftsaii  in  bUNomeuclBtor 

'•itulotci <'■"<•  *<*r  tliB  reBpeRtive  geni'ra  wixild  be  better  eipressnl  by 

i>  I'tyiDolo  '   tbe  bird  gi-niis  baviuK  a  bill  like  an  iuverteil  boat 

1  tlti'  ll>b  'pade,  as  tbe  popular  ouua — sborel-billadatuiyeaa — 
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MAKING  OP  KAHBS. 

It  was  long  ago  recognized,  even  by  Liuuasiiii,  tbat  the  rigor  of  the 
roles  originally  formulated  by  liim  would  bave  to  be  relaxed.  Natnral- 
ists  eat'ly  began  to  complain  that  the  Greek  and  Latin  languages  were 
almost  or  quite  exhausted  as  sources  for  new  names,  and  many  resorted 
to  other  languages,  framed  anagrams  of  existent  ones,  or  even  played 
for  a  jingle  of  letters. 

Forty  years  ago  one  of  the  most  liberal  of  the  American  contributors 
to  SQch  names '  defiantly  avowed  that  "  most  of  ttie  genera  [proposed 
by  him]  liave  been  designated  by  words  taken  from  the  Nortli  Ameri- 
can Indians,  as  being  more  eupbonie  than  anyone  [he]  might  have 
framed  ftom  the  Greek,  The  classic  literature  has  already  furnished 
BO  many  names  that  there  are  but  few  instances  in  which  a  name  might 
yet  be  coined  and  express  what  it  is  intended  to  represent.  [Ho 
oB'eredj  this  remark  as  a  mere  statement,  not  as  an  apology."  He  gave 
sach  names  as  Minomtu,  Acomug,  IHonda,  Atgoma,  Algan^ea,  Agwtia, 
NocomU,  Meda,  Cliola,  Codoma,  Montana,  Tiaroga,  Tigoma,  Vheonda, 
aod  aibonui. 

The  names  have  caused  some  trouble,  and  have  been  supposed  to  be 
original  offspring  of  the  ichthyologist;  but  those  familiar  with  Long- 
fellow's Hiawatha  will  recognize  in  Xoeomia  the  name  of  the  daughter 
of  the  Moon  *  and  mother  of  Wenonah '  (Xokouiis),  corrected  by  clas- 
sical standard!  and  in  Meda  the  title  of  a  "medicine  man"  (not  "a 
classical  feminine  name").    Other  names  are  geographical  or  individual. 

In  the  excellent  report  to  the  International  Zoological  Congress,  by 
Dr.  Bapliael  Blancliard  (11^9),  it  was  remarked  that  it  would  be  gen- 
erally conceded  tliat  naturalists  have  almost  completely  exhausted  tlie 
Greek  and  Latin  words,  simple  and  comiiound,  possible  to  attribute  to 
animals.^ 

Bnt  the  classic  languages  are  even  yet,  although  about  one  hun- 
dred thousand  names  ^  grace  or  cumber  llie  nomenclators,  far  from 
being  completely  ex|>Ioited.  To  some  of  us,  indeed,  the  difliculty  in 
determining  ut»on  a  new  name  is  that  of  selection  of  several  that  are 
conjured  up  by  the  imagiuation  rather  thau  the  coining  of  a  single  one. 

Besides  the  methods  of  name-making  generally  resorted  to,  there  are 
others  that  have  been  little  employed.  Among  the  few  who  have 
resorted  to  other  thau  the  regular  conventional  ways  is  the  illustrious 


>  Gimd  ill  Frt>c.  AcmI.  Nut.  He.  I'liilii.,  vili.,  209, 1851;. 
1 "  From  thu  full  iiioua  M\  Xukoiuis, 
Fell  the  beautiful  Nukumis." 

The  Boiig  uf  Hiuwiitlia,  III.,  iliiea  4.  Q. 
3  Opliiologisls  will  remignlze  iu  Wiiuonuli  the  aouruo  of  aByiiouyui(lf'eH<>R(i)Kivi 
to  tUe  genus  ChaHaa  by  Biiinl  aoil  nimril.     Ort.,  l«m. 

'  "On  conviendra  ipie  les  nntiiruliHten  oat  tlO  i^piiiiier  &  pt-ii  pri'S  conipli'teineiit 
liete  des  mots  grecs  on  latiuH,  ainiple  ou  compoB'-H,  qu'il  >^tait  poHsiblK  d':ittribiierul 
HDimaux."     Dill.  Koo.  Zuul.  France,  XIV.,  2:^. 
*Tlia  number  one  hundred  thoasand  inoIudeH  duplicutea  and  vaiii^^.-^Qnlp 
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actual  president  of  the  American  Association  for  the  AdvaDcemeot  of 
Science.'  His  long  list  of  generic  names  pro|>o5e<I  ia  the  Tiuioas 
departments  of  zoology  embraces  many  of  unasaal  origin,  and  almost 
always  well  formed,  elegant,  and  euplionious.  I  can  only  addaoe  a  few 
of  the  ways  of  naming  illastrated  by  classical  examples. 

In  ancient  Greek  there  are  numerons  words  ending  in  -ia»,  and  many 
substantives  with  that  termination  are  names  of  animals  given  in  alln 
ftion  to  some  special  characteristic. 

Acanthias  is  the  designation  of  a  shark,  especially  distingnisfaed  by 
the  development  of  a  spine  at  the  front  of  each  dorsal  fin ;  the  name  is 
derived  from  anafda,  spine,  and  the  terminal  element 

Acontiaa  is  the  name  of  "a  qniek-darting  serp^it,"  and  the  maiQ  oom- 
pouent  is  uhmv,  a  dart  or  javelin. 

Anthias  is  the  name  of  a  fish  fonud  in  the  Mediterranean  and  distin- 
guished by  the  brilliantly  of  its  color;  evidently  it  was  based  on  ^>-^»i, 
a  flower.    The  color  of  the  llsh  may  remind  one  of  a  showy  flower.* 

Xiphiaa  is  the  ancient  as  well  as  zoological  designation  of  tbe  sword- 
Hsh ;  it  was  plainly  coined  from  £i<po:,  a  sword. 

These  four  names  give  some  ideaof  the  range  of  utility  of  the  particle 
in  ipirstiou ;  they  involve  the  ideas  of  defensive  armature,  offensire 
armatnre,  ornamentation,  and  action. 

A  number  of  names  have  been  framed  by  modem  zoologtsta  in  con- 
forttiity  with  snch  models.  Such  are  Stomita  (named  by  tbe  Creek 
scholar  and  naturalist,  ^-hneideri  and  C«mf  m> — types  of  the  Eunilies 
Stvitii.hr  (p^ueially  written  $t-miiili.kri  and  r«Tw/i«Ar.  Tmmi^t  is 
aiHtth^r  uamf.  wolt  known  in  i->>Dne«'Ei<>o  with  the  ^ipmonk. 

But  tht'f^  is  T\^mi  lor  many  Biore  of  like  straclare.  ¥ar  example, 
)><\-nt:arities  of  ^-ari.ia*  iMrts  might  be  hinted  at  by  sack  wocds  as  C^riat 
(W  (' _:').i->U«  or  r- :  f:  ;ji  <>r  ('  "■•».*  St  ap.mals  having  aome  dtsnnetjve 
i-l'.tr>.-;rr  in  li.e  hvad  .  t"ti---t  u^r:>i  or  h^ndiike  oreaa  .  Gmmlkims 
\**'.  .'\*;  ■>   Av:  ,  rw-ti-n   :b.<as  .  *cd  Bi^ay  others  of  aaak^ons 

.\rvs><r  '.fTi:.  •  i.y-c  t-.-i  a;:^it  V  s^^cd  adv^awce— ily  instead 
»■<"  r  t  ».>*'-,s^.-  u'r**.i  -'.  '■  ■•  ;*  :.;,<■  \^zr  crtij*:  tm^x  -idn.  This  woold 
S>*  <^-^:jt",j  *:*■•"■.  »"■*;*■  j^rTt;-;  :v:i:sc«kr7  is  deared  tu  be  iadi- 
v.tr.^l.  ^^  ,■  >ji»»  T-i-  ,»  *w  ll  i.->.-*L!!u?  ;-.  <iu»!n.'a^  jrwrarara.  «s  Alcides, 
;>s-  SI.S!  ^v"  Aj,  I  is.    \5--.v«t5^  :.■<■  a.-c  ,-i  ATWtt?;    FVoAb^  the  soa  of 

X'V.  Kc  *.>i  v*  'T  "i  .■  V   x  ■T.h'.K-ii.fct:^^  T>  -.1  a*  sfnetal  iat^uive 

I-  -\v-V  -.1  >,  V"-  .-vv  -i  —  ■  i  *.*  •-  ■^■:  \-*<!-  *c  T-*.-xics  lUBBK.  TW  chief  of 
,-h.  ,sw '-.v'v.-i^  t.Tr  .■»■  ^  •  ■...'.  ■-^  -i-^fcTi.^*,  Ti- ^a«  bntB  so  Tviy 
V. ■-.■■<  -•  -•  ■•-«  - '  ■■  i.^  tJf  --■:»-<   1 1.C    -a.-.;-—  jB*«-  >e  ftnai  hr  re«rt- 
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Art-  (  Apt-)  occurs  often  in  classical  words,  aa  orpttf a^p/j?  (very  tear- 
ftil),  aplSr/Xos  (very  plain),  and  apinptnt}?  (very  showy). 

Da-  {^a-)  is  illnatrated  by  sncli  names  as  Sd&Htos  (daskios,  shaded) 
aod  Sae<poiy6s  (daphoinos,  deep  red);  convert  them,  if  yon  will,  into 
Dasciita  and  Daphanua.  Nnmeroas  names  may  be  made  ou  the  model, 
althongh  in  classical  Greek  there  are  few. 

Eri-  CKpi')  Ja  need  in  the  same  way  as  ^rt-,and  is  familiar  in  aucietit 
Greek  as  a  particle  of  such  words  as  epiaryr/S  (very  brilliant)  and 
ipiai''xr/y  (with  a  high  arched  neck).  The  common  large  seal  of  north- 
ern Knrope  {Erignathtu  barbatug)  has  received  its  generic  name,  based 
on  the  same  model,  od  account  of  the  depth  of  the  jaws.  Very  few 
naturalists,  however,  have  availed  themselves  of  this  particle  for  name- 
making,  most  of  the  words  in  the  zoological  nomenclature  commencing 
with  Sri-  having  other  origins. 

Za-  ( Zix-)  is  met  with  in  such  words  as  Qai/s  (strong  blowing),  ZfStp^ 
(very  hot),  !^aKaX\>'/i  (very  beautifiil),  ZfrXouros  {very  rich),  QaTroTrfS 
(a  hard  drinker).  The  particle  has  been  utilized  in  the  composition  of 
the  generic  name  {Zalopkus)  of  the  common  sea  lion,  distinguished  by 
its  high  sagittal  crest  (^a-  and  Xn<pns,  crest),  familiar  to  menagerie  vis- 
itors and  th«  residents  and  travelers  in  San  Francisco.  Professor 
Cope  has  also  made  use  of  it  for  several  of  his  names. 

We  have  been  told  by  ancient  writers  that  Cicero  was  a  name  derived 
from  eu-er,  a  vetch.  According  to  Pliny,  the  name  (like  FaMua  and 
Lentutug)  was  obtained  on  account  of  ancestral  skill  in  cultivation  of 
the  plant;  but,  acconling  to  Plutarch,  the  original  of  the  name  was  so 
called  because  he  had  a  vetch-like  wen  on  his  nose.'  Which  one  (if 
either)  was  the  foct  is  of  no  material  consequence.  The  etymological 
propriety  of  both  is  siint^tioned  by  the  suppositions  of  classical  writ«^ 
There  can,  then,  be  no  valid  objection  to  other  names  formed  on  the 
model. 

There  is  one  rule  which  has  been  put  in  such  a  form  (and  without 
proper  exceptions)  that  a  number  of  names,  improper  according  to 
classical  Htandards,  have  been  introduced.  The  rale  is  that  the  aspi- 
rateof  Greek  should  bereiidered  by  h.  While  this  is  true  for  the  com- 
mencement of  a  name,  it  is  not  for  the  body,  where  it  generally  is 
suppressed,  being  sonant  only  after  p,  t,  or  k.  The  Greeks,  accordingly, 
wrote  PAtZippos  (0(A/?r;ros)  and  Ephippun  ('Etpimro?).  In  accordance 
with  such  models  Mesokippus  and  OroMppus  should  have  been  called 
Mesippm  and  Orippus.  Protokippus  sboald  have  been  Prothippua. 
Epih^pug  might  by  some  be  considered  to  be  preoccupied  hy  Uphippug, 
&  genus  of  fishes.  But,  in  my  opinion,  all  the  names  should  be  retained 
M  they  are  (if  there  is  no  other  objection),  ou  the  assumption  that 

'Thdsn  familiar  with  the  'Spectntor'  lOBif  recall  Addiaoa's  oUusion  to  this  (No.SS). 
Seo  alao  Middleton's  Life  of  (Jcero. 
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more  confufliou  vould  result  from  sacrifice  of  priority  thuD  of  vlassia] 
esGellence. 

From  names  as  names  I  proceed  to  the  cooaideration  of  fitting  tbem 
to  groai>8, 

TYPONTMS, 

Theqaestioti,  What  ix  necessary  Co  insure  receptiou  of  a  geoeric  dwneT 
iBone  of  those  conceniiiidT  wliicU  tliere  in  differeitce  of  opiuion.  By 
some  a  definitiou  i»  coQsidered  to  be  requisiti-,  while  by  others  the 
s{iecification  of  a  type  is  only  re(|uii-e<l.  Bat  tbe  demaud  iu  such  case 
is  simply  that  the  definition  shall  be  made.  It  may  be  inaccurate  or 
not  to  the  point;  it  may  be  given  np  at  once,  and  never  adopted  by 
the  author  himself  afterwards,  or  by  anyone  else.  Nevertheless,  tbe 
condition  is  fulfilled  by  the  attempt  to  give  the  definition.  In  short. 
the  attempt  is  required  in  order  that  the  comjietency  (or  its  wautt  of 
the  uamer  may  bo  known,  and  if  iiicomi>etency  is  shown  thereby,  no 
matter;  the  attempt  has  been  made.  The  indication  by  a  ty]ie  is  not 
suflic-ient! 

Anyone  who  has  had  oucasion  to  investigate  the  history  of  some 
large  group  must  have  been  often  perplexed  in  determining  on  what 
special  snbdivision  of  a  disintegrated  genus  the  original  name  should 
be  settled.  The  old  genus  may  have  been  a  very  comprehensive  one, 
covering  many  genera  and  even  families  of  modern  zoology,  and  of 
course  the  investigator  has  to  ignore  the  origiual  diagnosis.  He  must 
often  acknowledge  bow  much  better  it  would  have  been  if  the  genua 
had  been  originally  indicated  by  a  type  rather  than  a  diagnosis.  Many 
naturalists,  therefore,  now  recognize  a  typonym  to  be  eligible  as  a 
generic  name.  Among  such  are  those  guided  by  the  code  formulated 
by  the  American  Ornithologists'  Uuion,  to  which  reference  may  be 
matle,  and  in  which  will  be  found  some  Judicious  remarks  on  the  sub- 
ject under  Canon  XLII.  Certainly  it  is  more  rational  to  accept  a 
typonym  than  to  require  a  definition  for  show  rather  than  ose.  Never- 
theleas,  I  fully  recognize  the  obligation  of  tbe  genus-maker  to  indicate 
by  diagnosis  as  well  as  tyjie  his  conception  of  geueric  characters. 

FIRST    SPKCIE8   OP   A   GENUS  NOT   ITS  TYPE. 

On  account  of  the  difficulty  of  determining  tbe  applicabiUty  of  a 
generic  name  when  a  large  genus  is  tu  be  sabdivided,  it  has  been  the 
practice  of  some  /.oolugists  to  ttike  the  first  sjiecies  of  a  genua  as  its 
type.  This,  it  has  been  claimed,  is  in  pursuance  of  the  law  of  priority. 
It  is,  however,  an  extreme,  if  not  illegitimate,  extension  of  tbe  law,  and 
has  generally  been  discarded  in  recent  years.  But  in  the  past  it  bad 
eminent  advocates,  such  as  (.ieorgc  Robert  Gray  in  ornithology  aud 
Pieter  van  Bleeker  in  ichthyology.  A  few  still  adhere  U>  the  practice, 
■\d  within  &  few  mouths  two  excellent  zoologists  have  defended  their 
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application  of  names  by  atatenients  that  the  flrxt  species  of  the  old 
genera  ja»ttfle<l  tlieir  procedure.  Tlie  contention  of  one  involves  the 
names  which  shall  be  given  to  the  crayfishes  and  lobsters. 

It  is  evident  that  the  fathers  of  zoological  nomeiiclatnre  never  con- 
templated such  a  treatment  of  their  names,  and  the  application  of  the 
TDle  to  their  genera  wonid  result  in  some  curious  and  unexpected  cou- 
Uitions.  Let  us  see  how  some  genera  of  Linmcus  would  fare.  The 
tirst  species  of  Fhoca  was  the  fur  seal;  the  first  species  of  Muatela, 
the  Hea  otter;  the  first  of  Mvs,  the  guinea  pig,  and  the  first  of  i'rrrm 
was  the  ^riraffe.  These  are  sufficient  to  show  what  incongruities  would 
flow  from  the  adoption  of  the  rule. 

CUOIOE    OP  SAHES   SIHULTANEOUBLY   PUBLISHED, 

There  is  another  issue  of  nomenclature  involving  many  genera.  lu 
the  same  work  different  names  have  been  given  to  representatives  or 
stages  of  wlint  are  now  considered  the  same  genus.  For  example, 
Lao<^pede,  in  the  third  volume  of  his"IIi8U»ireNatHrelledesPoi8Son8," 
published  two  names,  Cephaltmantliiig  and  JfaclylopteruM,  the  former 
given  to  the  young  aud  the  latter  to  the  adult  sta^'e  of  the  flying  gur- 
nard. Cepkala^anthua  appeared  on  page  3L'3,  and  iMctyloplermt  on  page 
3'2ii.  Jtactyloptentg  is  the  name  that  has  been  generally  adopted  for 
the  genus,  but  some  excellent  uaturalists  now  insist  on  the  resurrec- 
tiou  aud  retention  of  Cephalucantlius,  for  the  reason  that  the  latter  was 
the  first  given  name,  lu  connection  with  an  analogous  case,  it  was 
urged  that  "  the  law  of  primogeniture  applies  to  twins."  There  is  a  fal- 
lacy involved  in  such  a  comparison,  which  becomes  obvious  enough  on 
consideration.  In  the  ease  of  twins,  the  birth  of  one  precedes  that  of 
the  other  by  a  very  appreciable  interval  of  time.  Itut  in  the  case  of 
names  api>eariug  in  the  same  volume  (issued  as  a  whole)  the  publica- 
tion is  necessarily  simultaneous.  It  is  therefore,  it  appears  to  me, 
perfectly  logical  to  take  the  most  appropriate  name,  or  to  follow  the 
zoologist  who  first  selected  one  of  the  names.  In  the  case  of  Daclylup- 
teriu  there  would  be  the  further  advantage  that  the  current  nomencla- 
ture would  not  be  disturbed. 

It  is  interesting  to  note  that  those  who  have  acted  on  the  principle 
just  condemned  do  not  feel  called  upon  to  accept  the  first  species  of  a 
genus  as  its  type. 

MAJOR  OBOUPS  AND  THEIE  NOMENCLATUEB. 

Another  subject  to  which  I  would  invite  your  attention  is  the  amount 
of  subdivision  of  the  animal  kingdom  which  is  exi>edieut,  and  the 
nomenclature  of  such  subdivisions. 

LinuieuB  only  admitted  four  categories — class,  order,  genus,  and 
species.  These  sniBced  for  most  naturalists  during  the  entire  past 
century.    Only  one  uaturalist — Gottlieb  Conrad  Christian  Storr — went 
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into  mach  greater  detail;  he  admitted  as  manyas  eleven  eategDriea, 
vhifh  may  be  rongbly  compared  with  modem  groapsaa  followa: 


Acies 
("laKK 


(\»hora 
Ordo 


RnbrisaDftoia 

[  =  Vertebra  ta] 

I  Warm-blooded 

{Coldblooded 

Hauimalia 

jPidata 

I  Piuiiepedia 

Ipinnata 

t  I'd  giiiru  lata 

tl'Dgalata 


Sectio 
Coetas 

S|»efies 


SobkingdoDi 

jSoperclass 
Class 


'^iDpemrder 

Order 

Saborder 

Family 

Sab&mily 

Genus 

Species 


Tliese  gn>a|k<  are  not  exaolly  conparable  with  any  of  recent  ^^stema- 
ti^ts.  iiia:>mui-U  as  Stoir  proceeded  from  a  pbysioh^ical  instead  of  a 
niorpbologit-al  base  in  b:s  classiticalion.  Tbe  only  work  in  which  this 
vlasi^ticiiiioD  was  exhibited  was  in  his.  **  ProdroBos  Methodi  Mamma- 
liiim,"  pubiisht-d  in  IT'J*. 

Wi;]i  tli:s  e\<'eptioii  the  nalnralisis  of  tbe  last  centary  praetUaUy 
K\->>-^.\\:rA  o;,:y  lV>ur  cuieg^.riesi — si*«-:e*.  genera.  ord«^  and  t-lasses. 
Families  wrrv  iiitn^^ut-ed  i:i;.*  tl*  system  by  LatreOle.  The  word 
-faRii'y,"  :l  is  tr::t-.  was  tmt  ai.ktMtwn  {iienotisly,  bat  it  had  been  ased 
■>;:^y  as  a  sy:;*>nyni  :V>r  ortler.  In  l>oiany  sorb  osa^  even  |w«viuls  to 
st>a:<^  rxtf :::  at  :Lt-  :>res4^r.t  d-ty.  asi!  persists  as  a  herita^  of  the  past. 
Thv  Ft*-:v!!  S-:aL:s:s  Dse«:  -£»;;■.;:>"  as  :••.*  equivaleal  of  -ordo." 
Our  K:  ^'.i'^-  a:  d  At^i-ri-.-js  i'.<A;.:-:s  rollowed  and  osed  -oader"  as 
:L<-  =:  >r^  S4:i;:::iv  ties.j:- ,»::.■  a  a:  d  —  fj3:;!y~»s  a  popular  o«e:  tiray. 
Si^r  T\ir.,->,  k-Jl".::.z  thi-  :.i=;:'y  repces«M-:«i  by  Ibc  bnttercsps  the 
"tVUr  Ka: -,:Mrt:\.or-t.~  *>r  -Crw:*-:  Fai;Jy.~  BmX  in  zoal<^y  the 
;«,»  :  .■.iv.-:s  Nx-.f  T  ear '.y  ^.^Vn-:  :ia:ni.  a=.t!  wliie  Odder  was  rootinncd 
:r.  '.;-*  w-;i  '.\.^  .*•  :r,-\.=.- j:e  li".  :ls  Assi^^d  :■»  :t  by  Linax^s.  Eanily 
»is:;-:i— »*p«d  a-'  a  ;■<■«  n-.iir^.'cy,  :-j.:*rT»>ii!e  ^«erwee«  tbe  order  and 
j:*-.  -.s.  A:  ir<:  :'::  s  <j:t^;y  ^-rrj."-y  was  ^Tec  a  deaniptiTe  desig- 
;  J :.•■--,  V  .:  sm  ^  s".*  -•-  .:r;xy  '.•■  «.-.:-  y  is  a  p>art  ••*"  the dcsi^BatioD 
;i*  s;<=:  il"  ;1*  p"'----  ■.^:  ^.erv  i^ije  brfnbKie  xarkcU.  asd  tbe  use  of 
:.*  5i»:r-.i.->:i' ^-  s"':^iL-i'>  '--  o  r-yv 
A  ;,  -  >'Li.'  !  is  -.»c  >.»<  *.lv^i.rv»;  i..*  S-»*ff  KuKW 
l^.-.:  :  .-t  jLs>*  :  :•■  :L  -  ixri-^i  ;s  3>.i;  xr.:T-tsAl  TWreaiv  still  sone 
<v.>"V::  :>.'•  '•  ^->:s  »"-■•.■  r;-:;^  :^  :*  >c<ii*i  >t  :be  twie  aaid  wte adopt 
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Bnt  gradnally  suborders,  subfamilies,  and  snbgeuera  were  taken  ap. 
Further,  the  word  "tribe"  was  often  aaed,  but  with  ditferent  applica- 
tions. Still  other  divisioDS  were  occasioually  introduced,  but  ttie  most 
elaborate  of  all  the  schemes  for  gradation  of  the  groups  of  the  aoimal 
kingdom  were  those  proposed  by  Bleeker '  aud  Haeckel.'  They  are 
reproduced  iu  the  following  parallel  colnmns,  in  which  their  applica- 
tiona  to  flshes  and  mammals  are  likewise  afaowu : 


Vertebrata 

Phylum 

Pachycardia 

Sabphylnm 

Allantindia 

Cladua 
Subcladus 

Mammalia 

Olassis 

Classis 

Pisces 

Monodelphia 

Sabclassis 

Subclassis 

Monopnoi 

Divisio 

Dirhinickthpei 

BtdduatM 

Legio 

Legio 

EUutherognathi 

IHscopUtcentalia 

Sublegio 

Sublegio 

Ctenobranchii 

Series 

laopleuri 

Subseries 

Kanonikodermi 

Phalanx 

Aletkinickthyea 

Subpbalanx 

Neopoieaich  th  yea 

Caterva 

Rodentia 

Oedo 

Ordo 

Percw 

Subordo 

Subordo 

Percichtkyini 

Myomorpha 

Sectio 
Subsectio 

Sectio 

Pariatemipteri 

Tribus 

Percickthy\ni 

Murina 

Familia 

Familia 

Percoidei 

Subfamilia 

Subfamilia 

Perceeformea 

Arvicolida 

Tribus 

Cokors 

Sypud<ei 

Sabtribm 

Stirps 

Arvicola 

Genus 
Subgenus 

Gbhus 

Perm 

Paludioola. 

Cohora 
Subcohors 

Arvicola   amphU 

'-  Species 

Species 

Perva  JtumatiUn 

ina 

Subspecies 

Areicola  {ampkib-  Varietas 

tun)  terregtria 

Arvicola  (amphib-  Sabvarietatt 

ta«     terrentrii) 

argentora  teruiia 

Here  we  have  a  total  of  31  categories  interni(>diat<t  between  the  king- 
dom and  the  individual  of  an  animal  form.  The  toiil-s  have  become  too 
nnmeroDs,  and  some  were  rarely  used  by  the  autliora  themselves.  Thus 
the  cohors  and  stirpM  were  not  called  into  requisition  by  Bleeker  for 
the  Percoidei  (though  they  were  for  the  subdivision  of  the  Gypriuoidei), 
and  in  the  recent  classification  of  the  Badiolarians  Professor  Haeckel 


'  Ennnerfttio  xpecierum  PisciDm  biicueiiue  in  ArcbipoUgo  Indi 
>-iiet*eq.,  1859. 
'Qencrelle  Moiphulugie  dor  Orgauiaiuen,  II,  100, '. 
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17'*  J.JMR    ■irRi*TD)Sfl 

diit  not.  ttiui  ir.  riwwwwrv  r 
*iT»ni»'mfiit  'if.iny  liimiiy. 

fhf>  <lf>f;tili  rli'-y  {irnviilnl  rnr  in  uiiPir  vombr^  Thv  -^turr  i  i ■■  ■  i" 
namf:  tliar  1)^^  1h>i>ti  iimmI  '<>  ^uiv  zrvac  »>x:tMit  :>  Tdi^.  Thai  m^  m«i> 
ff'jn'-nfly  «n[>lf>y"l,  i»ir.  m  iliifcrwir  way. —  ■!■■  i  iw  i  iir  :m^  4.-ri 

r4  A  fivmily.  ;iff.nii  for  »  parr  .ii' .»  -muRuiiii".  anil  itvifn  itr  a  :^ 

rhf-  x,V4li*ni.«  '>f   l;i<^k<^  *ii>t    H.M- 
m'/T**   irr'<n|r*   rliMii   rhfr  -.'li   ii.ii"» 
a/lniiff-'l.  wnild  U  n-wfiil  . 
tmVy/M  PTi  tlifr  ffilk-wii.j  Ji-r: 


"wfrirtfit,"  ail  I  lit!  (rtlifr*  Ijein?  -mi:*'    -..  i-t  ci*  cxpc^i»pa  of  liii- 

All  i\if.  *>\\<i-Tiifti'-r'M-  pnifii^,  I.**  ^«c::>£.«vre  oripfBaDy  duedy 
4l<'4ilfi»if<'<l  )'/  'ip-MTii'tivi'  narnt-^.  NnC  :^  Uveal  is  al!  tb«  year»  has 
frf't-F'  l"w;ir<l  ii;iirH-n  Tiii';li  are  1r.i>4rd  >>::  (i^<-  $t«ffi:»  of  cxislitig  ^mer^ 

PAXBLT. 

If)  fTfffi  CT  ''"till  Iftlt;  la  K."  .  Lairtri::e.  in  iiis - Pn^:^ des Caracb-rcB 
K/^ii/nijircH  (li'«  )iJ>«*(^l«^."f<»rtli*>  ftr^t  iime«ai]>loyfd  the  term  -femly" 
H<  (I  Hiil>ili'.i<liiri<if  »iM>r(lfr,)>iitr>Tily  ^re  tliefuiiUvs  Danibers(-Faiii- 
illc  \i\pwii  re.''  "  l^iim,  -,"  *-Xt:.).'  He  remarked  that  it  mieht  be  desira- 
)iif  lit  liHvc  l)i(<  fitrriilii'H  iiumi'd,  but  deferred  doing  so  till  be  cook! 
rr  vi' ■*'  Mil'  miUifit.  witli  cn-itt^r  tare.' 

Ill  ITfW  i"tiii  <;";,  (;iivi<'r,  ill  lji«  '-Tableau  Sli^maitaire de  rHistmre 
fi^ihinlli-  ili-4  Aiiliijiinx,''  iti  ttip  intnMlnction,  vhm  treating  of  graded 

•II'-   i>'<i'i-  "jibn'mn."  ■■toh-T'."  an.l  ■■■i-Ti-»~  i  if  n«l  others)  bsTe  been  naed 

fi.i  1.1I7  i'l  nii</lh<  r  ii.;i i   !•>-  l>r.  V.  A.  Priiilt  in  (be  '■  Historj  of  ScaDdinariut 

r  •'!■••:'    '!!•'■  ..■^t,f„.F  IN  tbat  work   is  Cl^ifwis.  Ordo.  Sobordo,  Hi&Uiiz,  Cohon, 

'  !,'•  fji(.p"<it»  nii..ij.ini'|iu-,  •ertx  Ar  rUabiiM',  des  m^tamorpboMe,  out  6U  nta 
K>M'li-*  'Ini."  Jo  ('•iinalion  ilcn  faniiJIPV     Klle«  sont  preeMft*  d'na  cbiffR  krabp.^ 

On  ''111  'li'ii'  '(MP  j'.'iiiuu'  .I'.Mii'-  iloH  nnmH  am  families;  maia  pn^voyant  que  je 

1  ■  .1>  i.iiii-  [ilri-ii-iirB  •'liaiij;eini>ns.  JViiB^e  ainai  «x)hw^  la  nomeDcUtDre 

tr-d  roiitrnirt  ii  I'avancpiuent  de  la  ■clence."    p,  it 
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cbarju'tere  (" caraeliTCH  ffradut'g'" ),  tlame^^  only  tbe  genus,  order,  class, 
aikI  tbe  kingdom.  In  the  body  of  the  work  Hoinetimes  he  used  the  word 
family  instead  of  order  (as  for  tbe  Birds),  bat  for  two  orders  of  the 
Insects  lie  formally  iidopted  a  division  into  families  which  were  rego- 
larly  named.  The  first  (unnamed)  onler  ("ordre"),  with  Jaws  and 
■witl\ontwings("Do8  insectcs  pimrvns  demuchoires,etBans  ailes''},wa8 
(livided  into  several  families  {"plasieurs  families  naturelles") — "les 
Crnstad'fl,"  "  les  Millepieds,"  "  les  Aracni'idea,"  and  "  les  Phtyrr-ides." 
The  order  I^'c'vruptures  was  disintegrated  into  three  families  ('*trois 
families  naturelles'") — "les  Libelles,"  "lew  Perles,"  and  "les  Agnathes." 
The  representativea  of  the  other  (six)  orders  were  distributed  directly 
into  genera. 

Tills,  no  far  as  I  hnve  been  able  to  discover,  was  the  first  time  in 
wbifli  an  order  of  the  animal  kingdom  was  regularly  divided  into 
nameil  fauiiheH,  designated  ns  such. 

In  18U6  Latreille,in  liis  "(lenera  Orustnceorum  et  Insectomm,"  gave 
names  to  families,  but  on  no  uniform  plan,  providing  descriptive  names 
for  some,  as  '^  Oj-yrhinn"  for  tbe  Maioidean  crabs,  names  based  on 
typical  genera,  with  a  ]>atronymic  t«rmination,  as  ralintirini  and  Axta- 
rini,  and  in  other  cases  names  also  based  on  a  typical  genus,  but  with 
a  quasi-plural  form,  as  i'aguHi.  (In  the  same  work,  it  may  be  well  to 
add,  Latreille  also  admitted  more  categories  tlian  usual,  using  ten  for 
tbo  animal  kingdom — Sectio,  Classis,  Legio,  Centuria,  Cohors,  Ordo, 
Fitmilia,  Tribus,  Genus,  and  Species.) 

In  ISOfl  A.  M.  Constant  DumiTil,  who  had  previously  contributed 
tables  of  classiflcation  to  Cuvier's  "Levons  d' Anatomic  Oompar<'>e,'' 
and  ]mblished  his  own  "Elemeus  d'Histoire  Naturelle,"  brought  out 
bis"ZooIogie  Analytique."  Iti  this  volume  he  gave  analytical  tables 
for  the  entire  animal  kingdom  and  admitted  families  for  all  tbe  classes. 
The  families  were  generally  subordiuated  to  orders,  but  when  the 
structural  diversity  within  a  class  did  uot  appear  sufScient  to  require 
more  than  one  "mute"  cattfgory  the  onler  was  sacrificed  in  favor  of 
tbe  family.  His  families  were  generally  very  comprehensive,  often 
very  unnatural,  and  mostly  endowed  with  descriptive  names.  (He 
admitted  no  more  than  Ave  named  categories  in  the  animal  kingdom — 
class,  order,  family,  geuus,  and  8i«cien.) 

As  we  have  seen,  Onvier,  Latreilte,  Rafinesque,  and  others  to  some 
cstcnt,  used  names  ending  in  -iiles  and  -tut',  but  the  first  to  fully  re<!Og- 
niiiotbe  advisability  of  nsing  patronymic  family  names  universally  was 
William  Kirby,  who  has  not  often  received  the  credit  for  so  doing,  and 
is  probably  unknown  to  most  in  such  connection.  Nevertheless,  in  a 
note  to  his  memoir  on  "  Strep  sip  tera,  a  new  order  of  insects  pro- 
posed,"' he  explicitly  introduced  this  important  feature  in  systematic 

'Tbe  mi^Egentinn  nf  Kirby  \<t  tn  be  fniinil  in  a  Tootiioto  (p.  AS)  to  tbo  seventh 
memoir  publislied  in  "Tbu  TriinsiKtii.Danf  tbe  Linmran  .«o*iety  of  Londim"  (XI., 
86-122,  pi.  8,  it).  The  memoir  waa  "rend  March  19,  1811."  The  date  of  tbe  whole 
volume  IB  1815. 
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terminology.  He  complaiDed  tbat  LatreOle'H  dubcs  ^hav«  dqc  that 
barmony  ai)d  uniformity  of  terminatioD  wbieb  is  nvecsmkij  to  mak.t 
them  easily  retained  by  the  memory."  GoottDaiDg  be  added,  -*If  we 
adopter]  a  patrooymic  appellation  for  these  seeCioDs,  fiar  nstsace. 
Coleoptera  .ScarnbiridiF,  Coleoptera  Stapkyliuidtr,  ColeopCna  .''T^Wri- 
fiiadip,  Orthoptera  Orgllida,  ete.,  it  woald  be  liable  to  no  ofajectioa  of 
this  kind." 

The  saggestion  thns  made  was  heeded.  The  En^ish  natsrafiMs 
(especially  William  Klford  I^each  and  John  Edward  Grayj  anon  applied 
the  methml  inculcated,  and  from  them  it  has  s[>resMi  to  the  BaCaralists 
at  every  land,  bat  the  original  impnUe  has  been  fiiigoctea.  Foe  this 
reason  I  have  recalled  the  memory  of  Kirby's  work. 

Bat  it  w;is  lung  bt;ri>re  the  expediency  of  this  ptocednre  was  nni- 
versatly  recognize«l.  and  even  yet  there  are  dis^ntieDts.  ( haeobjecttun 
was  that  the  termination  id(F  was  not  coo^iateol  with  Latin  words. 
Prof.  Agas.'-iz  was  never  reconciled  to  sach  naneM,  and  gave  na^c^  of 
(ireck  nri;;in  the  tennination  -mWa-.  and  those  of  Latin  the  ending  -tac. 
In  his  system,  too.  there  waa  no  distinction  between  bmQics  and  tab- 
faaiiltes.  both  bavin':  terminations  in  consonance  with  the  origia  of  tte 
.ticnis.  and  not  the  taionomic  valne  of  the  groapv^ 

The  endings  i-hr  and  oidir  have  been  often  sapfMsed  to  be  idaiticalT 
and  even  in  lii^'hly  e~teen>etl  dit-iionaries  :is  ~Tbe  iMperul  DieCioaary 
of  ihf  Enj:ii:-h  Laninnge"  the  tencic^l  ^leseoc  of  bmily  na»es  end- 
inj*  in  "'(.ri.-i derived tr-'m  -  ■■  •  i rvsettr-LuK-e."*  AsalTcndyiDdKated, 
however,  word-  *<■«  ter;v.;r.A:eiI  sLocI-i  V  n-nsideml  as  patraoymics. 
Hat  tb.vie  en.i::.;  :n  -  ;i.», -M-t,*",  a^d  -U.m  nay  be  assoBed  to  be 
d-.rvi-i  ('itaipi'ne:.:*  w:'h  ■■•    *. 

In  a-swtT  :o  tb.-  •'"  ■v;."=.  "-y  F-ir=»Hj;er.  tar  enip'r  that  patro- 
ry-r-.o  r.jr.-.t*  *r»- :■•:>■  -,.  ;i^  ;".■*  or-  ■i>ijf  :-^  Lad.=  cac^va^^orat  least 
o:'  !^"-r.  yr-is^,  :!:*  :*••  '.'.  *;  -"-i  s  7«.v:  i.*  Virzil  faa« a  large  nnmbn'. 


Ne\l  T.  ;■*  'A'  y.  ;:f  :*r=:-TC  *■  -  y~  w»*  ae  eiSast.  and  has 
W3.  :*•*  .ve  7.-<-:  ^^  -erv  h.-'-  --i  .:"  -.i-  f^.-t^  ir.'w  adopted.  Bnt 
;'w  -  *';.;  .:^*"  «  ->  ■■  •:  l-<-"  :  :  •  rfc  :-r  - :%  ^--T'  fcad  c wt  into  gen- 
I- V  !■  ^;-  ',  T:-.  . ;  ■  !'  s-  .£  ,>-■  ■■  -i*  ifcn  ^y  bad  ^<ecB  nawed  tribe 
--  '•*,>■.  ;.  —I-  ',-,  :'**'^  !•••;  t-*  r.--:Dt»i  w>  «i«  t^at  tem. 
;".  S.  yw  ■"-  .-,  --•  >.\  :•*«'■  ::t  »  >-■.  >:  -^i-iiiy  - mmt-fmmiUe' .  for 
— -.T  ti  ■.:"  ;  ■■/  -j=ii'/  -^- ,  -  ■(  -;,-  V  fc-  J  ■■■  -  7r  .t  *  -f  I«o«1V.  but  gave 
^.j..,-.~i  "  A  :  ■■  ■■*  '.v  v^  T  I.  m  «.'  ;■  ■.'.  iifia.:i;ar:Tv  jjnral  endiDgs 
.    /,_   i  -lio.'.T    I  .  ^  fc   ;« .!,^ !  s  .:■•«--  ii.-s  i't  liunra  tfe  gi^i>^P  after 

"i.,    .,-.-.  ....        T  ..  stii»ii.i^is  now  generally 

r»--.L-7  '>■■  .  -.-..^r-^,-.",        '  *■■■    .-  mfn-wUtan  •••or -mm. 

rr  -i  fi  -  -  .t   1 1:  : *-  :    ».,  f.-r  --^  iiviiIviBg  t^  idea  of 
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But,  as  lias  beeu  already  urged,  the  language  of  iiomenclatare  should 
not  bo  bound  by  nileaofstrict  philology.  Oueuf  the  most  nseTiil  devices 
of  seieutiliu  tei-minology  is  the  establishment  of  termlaatious  which 
indicate  tho  nature  or  value  of  a  groap,  or  relation  to  the  group  to 
which  »umo  entity  belongs. 

The  chemist  has  his  termiuatious  in  atet,  ides,  and  -gens,  and  does 
not  <leem  it  incumbent  to  defend  his  usage  or  to  abandon  his  system 
becatLse  some  one  might  object  to  the  want  of  classical  models.  Xay, 
classical  scholars  themselves  have  recognized  the  legitimacy  and 
usefuluenis  of  such  a  method. 

Tho  ending  ida:  has  been  shown  to  liave  classical  sanction  for  both 
Qreek  and  Latin ;  -inar  hits  only  classical  sanction  for  Latin  words,  and 
there  is  one,  oidea,  for  which  no  models  are  to  be  found  in  either  lan- 
guage. But  the  convenience  of  all  those  endings,  as  indicative  at  once 
of  the  taxouomio  value  of  eiKh  group,  far  outweighs  any  objection  to 
them  from  the  philological  aide.  We  are  now  confronted  with  the 
groaps  having  the  -oidea  ending. 

8DPEKPAMILY. 
Experience  has  shown  that  for  the  exhibition  of  difference  in  valae 
of  various  groups  and  characters,  more  than  the  generally  accepted 
groups — families  and  subfitmilies — are  desirable.  Groups  above  the 
faaiily,iQ  the  generality  of  their  characters,  had  heenfreciueutly  adopted. 
A  quarter  century  ago  I  searched  for  an  available  name  and  not-ation  for 
such  a  group,  and  found  that  the  groups  which  I  wished  to  recognize 
were  most  like  those  that  Uana  had  recognized  in  theCiaataceaus, 
under  the  name  of  snbtribe,  and  given  the  ending  oidea.  But  the 
term  "  tribe"  had  tirst  been  given  and  most  generally  used  for  a  sub- 
division of  the  family,  and  consequently  was  ineligible  for  a  group 
includiug  a  family.  Other  names  had  been  given  to  such  groups,  but 
there  were  objections  against  them.  In  a  communication  to  the  Amer- 
ican Association  for  the  Advancement  of  Science  (Volume  XX)  I  used 
a  new  name — superfamily — and  tho  termination  -oidea.  The  great 
advantage  of  the  name  was  that  it  relieved  the  memory,  and  suggested 
at  once  what  was  meant  by  relation  to  a  familiar  standard — family. 
The  term  has  been  quite  generally  adopted,  but  there  has  been  diversity 
of  usage  in  the  form  of  the  names,  oidew  being  frequently  suffixed  to 
the  stem,  au<1  sometimes  a  descriptive  name  has  t>een  given.  The  only 
reason  for  the  ending  -oidea  is  that  it  was  first  used  in  such  connection; 
•oidea  has  the  advantage  (or  disadvantage  f)  that  it  is  in  consonance 
with  ida:  and  -ituB.  'So  provision  has  been  made  by  the  German  Zoolog- 
ical Society  for  this  category,  their  attention  having  been  confined  to 
family  and  subfamily  nomenclature.' 

' "  Die  Nameu  vou  Kamilien  and  UDt«ifami1ion  werden  fortan  von  dem  >;Ultigen 
Huueii  eiiier  zii  dieaea  Gruppun  gehortgen  OattuDg  gebildet,  and  r.wat  die  der  Vnm- 
ilioD  durch  Anbiingt-ii  der  Eodung  ida  (Plural  von  idei  [gr.  eiSr/;']  masc.  geii.)i  die 
del  Uaterfamillen  daroh  Anhungeil  der  Endiing  IniE  (fern,  gen.)  an  den  Ktamm  des 
betreffeDden  GattungaDamena."  Begeln  .  .  .  von  der  Deulacb.  Zpol,  Gm.,  i  'X. 
BU.  96 31  f-^  I 
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mill  III  ill  I  il  II  I  iilii '  I  111  iiihhhIm  til  !■  1  III  ^'rTTfTbflirii  ■  i  iimr 
i«  io  ofl^r  tiut  tben  appcarv  w  b«  &>  ■«■«■  vhy  ite  pcincifde  of 

nMl  prers.:  for  tbebigbcr.  Why  thoeid  tat  mtmte  AaphilMs  disa|>{iesr 
add  B^tracliia  ai.<)  Bcpniia  nsoi^-  iu  [^^aec!  Aspti^itt  i«  a  &r  better 
uanr:^  f'jr  tb"  Barrachia  aitd  ;u  eroy  vsj  dcfrasble  for  it.  Tbe  OMmt 
ha<l  t?pwi^  reL«:i'>:i  to  it  on^ziaHy.  az/d  ii  va«  first  reelzirtcd  to  iC  a» 
a  'r)a-ji.  Wh;  *li'r-jid  ibe  names  Saaria  acd  Scrpente*  ^ve  place  to 
La'-«-n.;ia  and  <>TibJ>iiaT  The  £r»i  »n  iusms  fa™ni«r  ||>  ^u.  ^od  0^ 
r««tly  f'yriDed;  tbe  last  an,  at  ka^t.  Krac^y  fraaied.  Wliy  BboaU 
iHft  Meaiitia  \>e  adoi>lcd  as  an  ordical  name  by  thoae  vbo  n^ranl  tfae 
.Sireriiiln  ad  repreM^nuiices  of  a  diAinet  onler.  ss  did  LimueafiT  Why 
i>li'ml<l  not  Ilif  or>)ia.i]  iiiiaw.  Brata.  F9».  GUres.  and  CeCe  pivnil 
over  yyieiitata.  Caraivora,  Bodenaa.  aod  C«4area  T  If  tb«  rales  fiffmn- 
lated  by  tbe  varioos  societies  are  applied  to  those  gToupK,  tbe  earliest 
naint^  luiL-t  be  rerived.  I 

COMPLA1!(T8  OF   rSSTABILITT  OF  BOVEKCL^TtTKB. 

Freqneot  are  tbe  lameDts  ova-  tbe  instability  of  oar  sji-steniBtic 
iiomeiK-IalDre:  biner  the  complaints  gainst  tboee  wbo  change  dums. 
But  narely  s^c-h  eomplaints  are  unjust  vbeo  ur^ed  against  those  vbo 
raiit'e  thetnselTei^  under  laws.  We  are  forcibly  reminded  by  sndi  oom- 
plaiiiiRof  the  ancient  apolo^eof  tbe  wolf  and  theliunb.  Tbe  strewn 
of  itomeiK-liitare  ba-s  indeed  been  mnch  maddied,  bat  it  is  dae  to  tiie 
a4ftj>of  tlidse  wbo  refuse  to  be  boand  by  law«  or  reasmi.  Tbe  only  way 
U>  ]>iirtfy  tbe  stream  is  to  clear  oat  all  the  distorbing  elementci.  lit 
doitJi;  >o  mnd  tbat  ha«  settles]  for  a  time  may  be  distarbed,  but  this  is 
at  worst  anticipating  wbst  would  bare  iaentabty  happened  sooner  or 
laK-r.  We  are  finfferiug  from  llie  ignorance  ormisdeeds  of  the  past 
In  oi)i>o-iing  tlie  neces.'^ary  rectifications  and  the  enforcement  of  the 
liitr^  e\tremt-s  may  meet;  conservatives  and  anarchists  agree.  Bat 
tbp  majority  n)»y  1>e  depended  npoa  in  time  to  sobacribe  to  tbe  laws, 
and  the  perturbeil  (xndition  will  then  cease  to  be. 

It  IK  uiifortuuiite  tbat  our  nomenclature  should  have  been  so  wedded  1 
to  pyslematie  zoology,  and  devised  to  express  the  iliSerent  phiises  of 
our  kiiowleilge  or  understanding  of  morphological  facts.  Eveu  under 
lite  binomial  system  tbe  disturbing  element  might  have  been  mside 
riincli  ie»^  tban  it  is.  The  genera  of  LJon»>n8  reoogniEed  for  tbe  aoiniiil 
kingdom  were  generally  vorj"  comprehensive;  sometimes,  as  in  the  ca-se 
of  ywrowy-"".  Ai^lrri/iii,  and  Pi-ftinw*,  answering  to  a  modern  class: 
Hi»metiiiies,Iike  *"  "  "  "nt,  Cttn4^rr,  Scorpw,  Aranea,  Scolopendra,MiA 
.hihiK,  til  a  mod  '^n  more  comprehensive  group,  and  rarely, 

•iioiig  Vert4.-bi  of  less  thiui  family  valae.    Tbe  usageo( 
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liinn^eus  for  the  auimal  kiogdom  waa  very  different  from  tliat  for  tbe  veg- 
etable kiDgdom.  If  the  successorB  of  Litmieas  had  been  content  to  take 
genera  of  like  high  rank  Tetiuivalent  to  families,  for  example),  and  give 
otiier  named  to  the  Bubdivisious  (or  subgenera]  of  such  genera,  which, 
to  use  the  lauguitge  of  Linuii^us,  Bhould  be  mute,  less  change  would  have 
subBequently  resulted.  But  (LinnieiiB  himBclf  lending)  his  succeeiBora 
succeHsively  divided  a  genuH,  gradually  accepting  a  lower  and  lower 
sttitidard  of  valoe,  till  now  a  geuns  is  little  more  than  a  umltiform  or 
very  distinct  isolated  species.  Yet  the  change  has  been  very  gradual. 
It  begitn  by  taking  a  comprehensive  group,  recognizing  that  the  differ- 
ences between  its  represeDtatives  were  greater  than  those  existing 
between  certain  genera  already  established,  and  therefore  the  old  geuns 
was  split  up;  or  it  was  perceived  that  the  characters  used  to  define  a 
genus  were  of  less  systematic  importance  than  others  found  within  the 
limits  of  the  old  genus,  and,  to  bring  into  prominence  such  a  truth, 
the  geuns  was  disintegrated.  The  process  often  repeated,  and  from 
successively  contracted  bases,  has  led  to  the  present  condition. 

The  existing  system  of  restricted  genera,  however,  is  too  firmly  fixed 
to  revei-t  back  to  a  method  that  might  have  been,  and  which  indeed 
Cuvler  attempted  to  introduce  by  his  revised  Linn.Tan  genera  and  their 
subgenera.  The  best  thing  to  do  now  is  to  accept  the  current  system, 
purified  as  much  as  possible  by  judicious  and  inexorably  applied  laws. 
JJoubtless  in  the  distant  future  a  less  cumbrous  and  changeable  system 
of  notation  will  be  devised,  but  in  the  meantime  we  had  best  put  up 
with  tlie  present,  inconvenient  though  it  he. 
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THK  WAK  WITH  THE  MICROBES." 


By  E.  A.  DE   SCHWEINITZ. 


PVom  the  moment  that  man  made  his  appearance  io  fhe  world  there 
has  been  perpetaal  warfare  between  Iiimself  and  everything  animate 
aiid  inanimate  upon  the  eartli.    To  a  great  exteut  tliia  has  been  an 
aggressive  strife,  man's  every  effort  being  exerted  to  compel  niiturc  to 
contribute  to  his  comfort,  welfare,  and  advaucement  by  the  snbjuga- 
tioD  of  her  materials  and  forces.    It  was  many  centuries,  however, 
before  he  recognized  that  there  were  certain  unknown  insidious  ene- 
mies, which  often  rendered  fraitlesa  his  simitle  household  occupations, 
defied  his  every  effort  at  control,  and  sometimes  menaced  eveu  his 
well-being  and  life.    Though  in  1675  Leeuwenboeck  discovered,  with  a 
powerful  magnifying  glass,  certain  minute  organisms  in  decomposing 
animnl  matter,  it  was  not  until  nearly  two  centuries  later  ttiat  their 
trae  significance  was  recognized,  and  Davaine  first  demonstrated  the 
positive  connection  between  these  minute  forms  of  life  and  disease. 
When  animal  and  vegetable  life  ceased,  in  accordance  with  the  hiw.-i  of 
nature,  they  were  supposed  to  ho  changed  by  purely  chemical  actions, 
80  that  their  elements  were  again  returued  to  the  earth  and  nir  to  sup- 
ply foo<l  for  other  plants  and  animals.    This  destruction  was  considered 
to  be  wrought  simply  by  the  oxygen  of  the  air,  and  the  process  of  fer- 
mentation was  thoDght  to  be  due  to  a  similar  cause.     It  had  been 
known  for  ages  that  the  juice  of  the  grape,  if  allowed  to  stand,  under- 
went changes  by  which  its  character  was  modified  and  wine  was  formed, 
or  this  change  might  be  allowed  to  progress  farther  until  the  juice  bad 
been  converted  into  vinegar  and  finally  carbon  dioxid  gas  and  water. 
These  alterations,  those  which  take  place  in  the  digestive  tract  of  ani- 
mals and  are  involved  in  the  conversion  of  dead  animal  and  plant 
matter  into  their  simplest  constituents,  were  classed  under  the  general 
head  of  fermentations. 

The  fermentations,  especially  that  of  wine,  an  Italian  chemist,  Fa- 
broni,  in  1822,  supposed  to  be  induced  by  a  substance  of  vegetable 
origin,  but  closely  allied  to  the  white  of  egg.  He  considered  this  mace- 
rial  identical  with  the  ginten  of  cereals  and  gave  to  it  the  name  of 

'Ailili'M"  of  the  preaident  liefom  thp  CbiMnical  8ociotf  of  WaaliiuKton,  March  9, 
ISffJ.     Friuted  in  Soieuce,  Vol.  V,  No.  119,  pages  561-670. 
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lilt'  "  priiiciitle  vegf^toaiiimaL"  Fnr  nesrij*  fartf  jears  aftcrvards  tkit 
tlit-ory  watt  a(i|>)ie«l  by  ebeniwts  to  ail  GKamtatioas.  It  «ms  npimmmI 
tlinl  tbe  albuminoid  sobHtancc  presait  ri{Mwcd  to  tb*- oxreipn  of  the  air 
<!X|H!iit'n('«d  a  |>rofn^)uirely  varubl*  ahoatiati.  tkat  divrrse  ■Midi6<« 
tloiiH  of  inatterwere  prodaci-d  vbicheoortitaUd  tkeferaentstrf'diTnae 
iiaMtn'.  Tbe  rermentation  waa  tbe  resslt  of  tke  Boiecnlar  inoveiDeot 
UiUH  (^otnmuiiiratod.  Tbese  tbeoriea  wtwf  baaed  np<M  aD  erroiK>oBit 
ln(4<r|>rntatioii  of  vbst  occorred  iwder  certain  ooaditioas.  Tbcre  ?x»l« 
In  wliitt,  n'ben  it  is  beiog  couverted  itttonnegar,  asabstan««  vhich  acts 
t"  brtii((  alHiut  tbJB  nio<liflcation,  bnt  tbis  ia  not  dead  annvunotd  matter. 
but  a  living  plaot.  Tbis  fact  the  lamented  cbemist.  Pa;^enr.  donoo- 
ftlmltxl  In  bis  earefal  studies  a)>oa  the  pivdnction  of  wine  and  its  con 
v<ir>ti(in  Into  vinegar.  Before  tbis  time,  it  is  true,  there  vetv  many  vbc 
I'alli-il  Ui  w-furitt  tlie  theory  or  spontaneous  oxidatKHL.  and  endeavored  to 
■how  Unit  il  ftTHMtntiible  liquids  were  boiled  in  flasks  wbi<-h  were  tben 
Inmii'illalttly  walod,  tbe  fermentation  cdoJd  not  take  place.  Bat  tltis 
ill<l  iiDl  rulllll  the  demands  of  one  school  of  chemists,  viz,  that  plenty  of 
ii\yii''"  K)"*  tbould  always  be  present  When  tbe  liquid  was  boiled  in 
r'diitai't  wllli  air  which  bad  previously  been  dtawn  through  salpharic 
iK'lil,  It  WHM  claiint-d  that  the  air  had  undergone  some  chemical  change. 
Hd  II  wiiN  ii'it  until  lrc'>4  that  tbis  objection  was  overcome  bypreviously 
tmnHltitf  till'  air  In  tbe  presence  of  which  boiling  took  place  tbrongh 
luiMiin,  aii<l  It  waH  then  that  this  scbool  of  chemists  found  their  tbeorii-s 
III  ilaiitfi't',  I 'ast^iir  demonstrated  that  tbe  plant  present  in  the  prepa 
I'lilliiii  III'  vinegar  wiw  the  simplest  form  of  life,  a  cell  which  coald  be 
i<n«lly  ili'Mlmycd  by  heat.  Its  presence  was  absolutely  necessary  for 
rt'inii'iitiilliin,  anil  wllbout  the  living  cell  no  amoant  of  deati  vegetable 
iiiiilli'i'  I'liiild  i-jiiiHK  tlie  peculiar  molecular  disarrangement  which  had 
Iti'f'ii  I'liiliiii'il,  l>ii)lilg  bad  contended  that  as  long  as  tbe  juice  of  tbe 
I'Mijii'  H'liiiiliK'il  away  rrom  contact  with  the  o^iygen  of  the  air  the  nec- 
iK'-iii.t  iiixlliiii  ciiiild  nnl.  be  imparted  to  the  molecules,  which  move 
nif-iH  nnli"t'i|iH>iiUy  caiiHcd  the  phenomeuaof  fermentation.  Tbas  was 
liMiitt'liI  I'l  an  tiiid  tint  Htrlf'f^  between  the  two  schools  of  vitalists  and 
I  linniinini  Mm  (Mii«  NKbiHilofclioniistsdemandiugthepreseuceof  oxygen 

'iiily,  M tliKt'  IIh<  |iri'H«ti<H«  of  a  living  plant  cell  in  addition  to  oxygen. 

I'liiiii  tliinMlrJr»  III' tbe  two  H(',h(H)l»  was  evolved  in  reality  a  new  science 
<Hiil  iii-w  tliciii'li'H,  wbli-li  have  miule  the  past  thirty  years  marveloas  in 
(Jtviiic  lujiliinalliiiiN  III'  many  of  tbe  simplest  phenomena  of  plaut  and 
iiiiliiiiil  lib-  anil  di>arb,  plw^cil  the  practice  of  medicine  upon  a  scientific 
liiinia,  iiimI  it<iiili<r(i(l  pnHHiblu  an  intelligent  system  of  agricaltnre  and 

mill  Jlllnl' 

I*ii"li'iii'  '  also  served  to  explaia  the  tme  cause  of  the 

liiilMtiKiiin  '|H>ili-d  meats  and  other  foods,  stagnant  water, 

mill  wiifri  nntiii'8.     For  more  than  half  a  centnry  before 

lliln  tliiiii  HtlgaturH  bad  proved  the  dangerous  charac- 

li-i  til'  iilil  >rua(l,  and  the  like.     Kerner  concluded  that 

tliny  ninti  I  to  which  the  |>oi8onons  action  was  dae; 
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others  conflrmed  tbeae  ideas  and  came  to  nimilar  conclusionFt  in  regard 
to  poisonous  cheese.    In  1856  Panam  asserted,  as  a  result  of  liis  stud- 
ies upon  the  poisons  found  in  pnlrid  animal  matter,  that  these  {loiHons 
might  be  formed  by  some  active  plant  cell,  but  their  injurious  effect 
was  independent  of  these  cells.    He  demonstrated  that  Uxed  nonvola- 
tile poisons  could  be  extracted  fY«m  putrid  matter,  which  were  soluble 
ID  water  and  alcohol,  not  destroyed  by  heat,  and  produced  the  name 
effects  after  they  had  been  8ubmitte<l  to  a  high  tem]>eratura  as  before. 
Tliese  poisons  he  found  to  be  intense  in  their  action,  0.012  gram  sulHc- 
ing  to  cause  the  death  of  a  small  animal.    In  lS6fi  Bence-Jones  obtained 
from  tlie  liver  a  substance  which,  with  dilute  snlithuric  acid,  gave  a 
bright  bine  fluorescence  like  that  noted  in  similar  solutions  of  quinine. 
Probably  this  was  the  product  of  what  we  now  call  fluorescing  bact«ria. 
The  work  of  Pasteur  threw  light  upon  the  origins  of  those  poisons. 
As  the  ferment  causes  the  alteration  in  the  grape  juice,  so  do  miL-ro- 
scopic  forma  of  life  bring  about  the  changes  which  take  place  in  ileail 
animal  and  vegetable  matter,  and  also  those  conditions  in  the  living 
body  which  we  call  disease. 
/     "Sikoy  of  these  microscopic  forma  of  single-celled  plants,  the  bacteria, 
kiave  tlieir  natural  habitat  upon  dead  organic  matter,  but  they  may 
flourish  in  theliving  body,  and  are  almost  unlimited  in  variety,  appear- 
ance, and  behavior.     It  is  possible  also  to  cultivate  them  upon  specially 
prepared  solutions,  after  their  individnal  peculiarities  have  been  studied. 
Some  thrive  best  in  light,  otliers  in  darkness;  some  like  a  goodly  sup- 
ply of  oxygen,  others  prefer  nitrogen ;  some  are  very  sensitive  to  changes 
of  temperature,  while  others  readily  accustom  themselves  to  vicissi  tudt-s. 
These  difl'erent  bacteria  further  are  somewhat  eccentric  within  as 
well  as  without  the  animal  body.    Some,  as  the  diphtheria  germs,  find 
their  most  comfortable  habitat  upon  certaiu  mucous  membnuiea,  others 
in  the  lun^,  some  in  the  digestive  tract,  still  others  in  the  blood,  while 
others  again  contiuc  themselves  to  certain  external  ccIIk  and  membranes. 
In  their  artificial  cultivation   this  eccentricity  is  equally  ap])arent. 
While  nearly  all  thrive  upon  beef  broth,  some  prefer  the  beef  broth 
with  an  excess  of  acid,  otliers  with  au  excess  of  alkali.    Some  <lemand 
the  addition  of  sngaror  glycerine,  others  the  addition  of  sugar  together 
with  acid,  while  some  are  satisfied  with  a  diet  of  phosphates,  salt,  nn<l 
water.    These  peculiarities  have  to  be  studied  foi-  each  germ,  and  wliilo 
many  can  accommodate  themselves  to  their  surroundings,  and  wliilc 
the  Bstue  germ  grown  upon  different  media  produces  the  same  sub- 
stances, the  amount  of  each  substance  is  a  varying  one,  and  in  cultiva- 
tiug  them  artificially  we  must  find  which  diet  gives  rise  to  the  largest 
amount  of  the  most  active  products.   \ 

Shortly  after  the  work  of  FanantTQ^  referred  to,  the  Italian  chemist 
Selmi  outlined  methods  of  extracting  poisonous  principles  from  dead 
animal  matter,  and  gave  to  these  substances  the  name  ptonniines,  on 
account  of  their  origin.  Later,  in  1876,  the  first  analysis  of  a  ptomaine 
vas  made  by  Nencki  and  its  formula  iletermined.     Further  experiments 
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Bbowetl  that  volatile  and  nonvolatile  substances,  akalinn  in  character, 
coald  be  obtained  from  varions  jwrtiouB  of  the  animal  body,  often  from 
fresh  material  and  nlsolromthe  cultures  of  bacteria.  These  ptoniiuiMB 
were  found  to  resemble  the  alkaloids  in  tbeit  chemical  reactions. 

In  1SS3-83  Brieger  succeeded  in  separating  and  determining  r  nam- 
ber  of  these  ptomaines,  from  the  brain,  from  fiah  muscarin,  from  deco«- 
posed  glue,  neuridine  and  dimethyl  amine,  etc.  Prom  pure  cnlttires  of 
the  typhoid  germ  he  obtained  a  substance,  typhotosin,  which  prodaoed 
typhoid  Rymptoms,  and  from  cultures  of  the  tetanus  germ  tetanin. 
which  caused  ccnvuUionfi.  The  presence  of  similar  poisonous  bases 
was  demonstrated  in  cultures  of  the  cholera,  hog  cholera,  antlirmx, 
pyogenes  aureus  and  like  active  bodies  were  isolated  from  cheese,  milk, 
ice  cream,  sausage,  and  other  foods  which  bad  caused  stckneHS. 

The  isolation  of  these  poisons  from  bacterial  cultures  gave  rise  to  tbe 
belief  that  tboy  were  the  bodies  which  caused  the  fatal  effects  of  dis- 
ease. But  while  in  many  instances  they  produced  the  cbaracteristac 
symptoms,  in  others  they  were  not  sufficient  to  account  for  all  the 
phenomena.  For  example,  from  cultures  of  the  tetanus  germ  it  was 
{lossible  to  isolate  a  base  that  had  but  slight  i>oisonons  projterties, 
while  the  culture  liquid  from  which  this  was  obtained  after  all  tbe  germs 
had  been  removed  was  ten  thousand  times  more  poisonous  than  the 
base  secured.  Noupoiaonous  ptomaines  were  also  obtained  from  cnl- 
tures  of  disease-producing  bacteria,  and,  in  fact,  the  minority  of 
ptomaines  were  fonnd  to  be  nonpoisonous. 

The  nest  question  was,  If  in  the  culture  liquids  freed  from  bacteria 
poisonous  substances  are  obtained,  and  if  they  do  not  belong  to  the 
class  of  ptomaines,  how  shall  they  be  identified  and  classified  T  In  18S6 
Mitchell  and  Iteichert,  while  studying  tbe  venoms  of  serpents,  noted 
that  these  poisons  belonged  to  a  class  of  bodies  different  from  the 
ptomaines,  viz,  to  the  greup  called  proteids.  Shortly  after,  ItouK  aud 
Yersiu,  in  tlieir  studies  u^wn  the  diphtheria  ]>oison,  demonstrated  that 
this  was  a  substance  which  resembled  the  ferments  and  were  led  to 
think  that  an  enzyme,  as  it  is  called,  a  substance  like  pepsin,  was  the 
active  poison,  and  that  this  enzyme  was  in  some  way  elaborated  by  the 
germ.  Other  investigators  had  found  a  similar  substance  in  tetanus 
and  hog  cholera  cultures,  and  a  reinvestigation  byBrieger  of  a  nnmber 
of  bacterial  cultures  showed  that  by  precipitation  with  ammonium 
sulphate  and  alcohol  very  poisonous  substances  giving  proteid  re.ictious 
could  be  obtained.  Proteids  of  varions  characters  belonging  to  dif 
ferent  classes  were  ohtained  from  cultures  of  many  bacteria.  About 
this  time  it  was  shown  that  certain  plants  of  a  higher  order  contained 
]>oisonous  bodies  of  a  like  proteid  character.  An  albumose  abriu  was 
obtiiiued  from  the  Jequirity  seeds  and  ricin  from  the  castor-oil  bean. 
These  were  intensely  ])oisonous,  ,o,hi<io  *'f  f  grain  of  abrin  being  sufB- 
it  to  kill  an  animal  weighing  one  kilogram,  or  the  ,ia  of  a  grain 
^d  be  a  fatal  dose  for  a  man  weighing  about  130  iwnuds. 

Google 
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A  relationship  was  tlias  eatablisbed  between  tlie  poisons  from  higher 
plants  and  from  the  lowest  plants,  and  certain  animals.  Was  this 
poiaonoDS  property  of  these  bacterial  substances  due  to  a  true  proteid, 
or  was  there  au  admixture  of  an  active,  ferment-like  substance  with 
the  proteid,  and  are  these  poisons  mechanically  carried  down  in  the 
process  of  precipitatiou  of  the  albuminoid  matter  in  tho  culture  liquidsf 
Eiperiments  show  that  while  the  poisons  may  be  proteids,  it  is 
more  than  probable  that  they  are  simply  carried  down  with  proteid 
matter  as  iudicated.  Brieger  in  18!)3,  in  view  of  the  results  so  far 
obtained,  endeavored  to  isolate  the  pure  poison  fVom  cultures  of  the 
tetannn  bacillus.  The  cultures  were  first  filtered  through  porous  iwrce- 
laiii,  a  Chamberland  filter  tube,  for  instance,  and  the  liquid  which 
passed  through  was  treated  with  a  concentrated  solution  of  ammo- 
ninm  sulphate.  This  precipitated  the  poisons  and  a  number  of  other 
substances  which  gave  proteid  reactions.  After  purification  and  dial- 
ysis the  poison  was  obtained  as  yellow,  soluble  flakes  which  no  longer 
gave  proteid  reactions.  It  was  a  substance  in  which  there  was  no 
noticeable  phosphorus  nor  sulphur.  It  was  tbns  proved  that  the 
tetanna  poison  belonged  neither  to  the  ptomaines  before  roferretl  to  nor 
to  the  proteids.  The  poison,  whilo  not  perfectly  pure,  was  purer  than 
any  ever  before  obtalnied,  and  was  so  poisonous  that  a  mouse  weighing 
one-hiilf  ounce  was  killed  by  fTiHso  P*'*  o*"  *  gra'Uj  while  ,Jio-  of  a 
grain  should  kill  a  man  weighing  150  pounds. 

It  is  not  difficult  to  understand  how  if  the  tetanus  bacillus  outside 
of  the  body  can  produce  such  powerful  poisons,  it  can  give  rise  in  the 
animal  organism  to  serious  troubles.  The  diphtheria  bacillus  is  another 
germ  which  forms  very  ]H>werfal  poisons  in  the  solutions  upon  which 
it  feeds.  Asalready  mentioned,  some  authors,  Roux  and  Yersin,  believe 
tliat  this  poison  also  belongs' to  the  ferments  like  trypsin  and  i>epsin, 
while  Brieger  and  Fraenkel  thought  it  was  a  toxalbumin.  We  find, 
after  the  germ  has  been  removed  from  the  culture  liquid  by  filtration, 
tlint  the  i>oison  can  be  separated  by  calcium  phosphate  or  ammonium 
salphate,  just  like  tho  tetanus  poison.  In  the  purest  condition  in  which 
it  has  been  so  far  obtained  it  fails  to  give  the  proteid  reaction,  and  ^\ 
of  a  grain  will  kilt  a  guinea  pig.  It  dialyses  rea<]ily.  Bodies  of  a  sim- 
ilar kind  have  been  obtained  from  cholera,  glanders,  swine  plague, 
tnbercnlosis,  and  anthrax  cultures,  while  many  other  bacteria  produce 
soluble  intensely  poisonous  substances  in  artiflcial  cultures  as  well  as 
inside  the  animal  body. 

These  products  are  all  characteristic  of  the  individual  organism. 
Tbe  conditions  under  which  the  most  poisonous  ones  are  formed  seem 
to  be  dependent  partly,  we  may  say,  iqion  the  humor  of  the  germ  and 
also  utwu  the  food  offered  for  its  use.  It  a])i>ear8,  for  example,  in  con- 
nection with  the  diphtheria  germ  that  if  there  happens  to  be  present  in 
tbe  beef  broth  upon  which  it  is  being  cultivated  an  undue  amount  of 
glucose  sdH  au  insufficient  supply  of  alkali  that,  instead  of  producing 
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a  very  active  poiaon,  the  snbBtaace  secreted  is  moch  less  1 
This  in  atcoiiDted  for  by  the  sappositioD  that  the  glncose  ia  d 
into  acid,  which,  iu  its  toru,  neatralizes  or  decompoees  the  poison  ordi' 
nariJy  produced  by  the  germ.  These  poisons,  it  was  originally  sup- 
posed, resulted  from  the  decompoeition  of  the  food  of  the  trerm.  jnst  as 
aolnble  and  assimihtble  albanuDOidB  are  prodnced  by  the  acids  and 
ferments  of  the  animal  body  Irom  the  insolable  albnnunoidtt  that  an 
ingested  as  food.  It  has  been  foond,  howe%-er,  that  in  most  iostaMtt 
the  poison  of  the  germ  is  in  solntioo  in  qoantity  only  after  the  txrwa 
themseWes  have  become  partially  disintegrated.  In  other  wordK,  tbr 
active  bacterial  poisons  seem  to  be  products  of  the  cell  and  retained 
within  the  cell  until  the  latter  dies  and  the  cell  membrane  is  broken, 
permitting  the  passage  into  the  surroanding  liquid  of  the  poisoti. 
^hat,  then,  is  the  true  nature  of  these  poisons  if  they  belcmg  neither 
to  the  bases  nor  to  the  proteids  or  toxalbnmiosT  That,  anfortonatdy. 
Lit  one  of  the  problems  to  which,  up  to  the  present  time,  chemical 
rfsearch  has  not  been  able  to  give  a  definite  answer:  and  this  becaoM, 
as  we  have  already  noted,  the  poisons  of  these  bacteria  are  so  tremen- 
donsly  active,  and  consequently  prodnced  in  proportiooately  small 
amount,  even  when  a  large  quantity  of  the  cnltote  media  is  nsed.  thai 
it  has  so  far  been  a  matter  almo^'t  of  impossibility  to  separate  a  sufii- 
cieut  quantity  of  these  poisonous  principles  to  pori^  them  p^fectly 
for  chemieal  analysis.  Perhaps  thi^  obje^  has  been  attained  more 
nearly  than  ever  before  by  s<>ue  wi>rkas  in  the  biodieiBic  laboratory 
in  tills  city,  who  have  !^u<x-eeded  in  separating  froa  mlt«rei>  of  the 
lul^en-nlt*?;!*  gerni  a  crystidline  j"oL?«>n  with  crtn^tant  noting  point  and 
a  o>n^iant  cr^mposition.-  Thir^  is  not  the  only  poison  produced  bytbe 
tnber-'U (■*?;?  j:em),  but  thai  it  is  one  ot'  (he  itr^nciples  whirb  is  respoo- 
^l  tf  for  n'.;u  h  oi  the  In^uble  with  ;I;:-'  di'^-asie  is  bvyood  doubt;  Thete 
>^*\;al  i"*^:?*!:-.,*-:*  vrai-ij'Ie*.  which  are  so  d:rKcult  to  obtain  pate,  we 
ilt^  gnaie  ^y  ;be  uaaie  ii>x-ns.  to  »i:>tin;;ratih  tiieai  6vib  the  ptomaines 
a:.d  pr\>:r:  i  ss.,«s:j»;;ces  bevre  me^:^*-ed.'  A:to(beff  di£c«lty  which  is 
always  *=<»■<: r,;ervd  i=  eiirjon;  j  ifce  p»:i.^»  of  bacteria  is  tbdr 
!r.>:jv  ;t::y,  T"_e  ii-.^terii:  w::h  wlki.  a=  evperi=*^.t  i*  began  may  be 
Tifry  :*  ;?*^r->-;s,  '  :i  ;h.if  pr-orsse*  of  jre^iiiTas^-n  and  extraction 
;;  7\x;^"  wV  .-i  ::  :;■;;«  V  vjim*^  -=  .-rdfr  to i.^- ii:- a deeaivd  sabstanw 
a:nf  >-.-., h  ::.i:  i>r'^t:i. ".  ~^  N::.  r*  the  iriZ  >-ire*  hav*  beea  reacbt^I.  tbf 
rAl^-.e  .•:  I'.t  ;V:<*;s  i;is=-  .Ur^.te  iz  r-nr*  elj- jt  dae  fat  the  rfaem- 

We";*'!***  ■;  ;>  ii  ::.*  ric-^-csv'-f  :;<■  r»ir=  wvre  ?T»Thet»c  prodorts 
*:;,■>  »<-'Tf  V;  ":  t.v  "w-.'z-.z  ;i.e  :*■"  wi?-  S.-wse  «<■  tciese  eaaly  |«as! 
ji.r,y:£>.  ir.'ert"  w-*^  i;e.  re.'*,  a",  ■';.'.  :o  Ti-e  ctvukc  pfnaeaifity  of  tW 
V.»Tf  T<--  'Srjirf:  ■:  <cs  *.-y  riCt  :fC  t  :i  ^  ^j-e^ieC:  waZ!.oc}y  tapes 
jr  r.'*  A-."  -  -  .r,  •  wr,  :'iT^  w-j."s*:>f  ":o-tit2.  i.»x,  TeoaKss.  diphtheria, 
«B^  '  ■*"■■•  ;i  .* -•  t  ^vi-  T.  :*i,<  :  ~.>oe- Tvrr  rayadbr.  while 

■^i  i.*  r>7"i>.-ii  ?!vvc,  ai:i-fc\,  ;'i>;<jera.  j^aa4cr&  taba- 

-  -.-ci^i ->.*\i  *:!■£  -v'j.  i-iv,  »  :"i.;i  ilpt  oeC  «■■«  iialj 
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dnriug  t1ie  life  of  the  latter.  As  the  germs  die,  however,  iii  artificial 
cuHtiree,  the  cell  walls  gradually  disiotegrate  and  the  i>oieoD  passes 
out  into  the  surrouudiiig  liqnid.  In  the  case  of  tabereulosis  aud  glan- 
dem  a  stroug  solntion  of  these  cell  potsons  in  the  surrounding  liquid 
upon  irfaieh  the  germ  has  beeti  feediug  gives  tabercnlin  and  malleio, 
tlie  two  diagnostic  agents  which  have  been  of  inestimablo  value  in 
(letectiug  latent  disease  in  men  and  animals  and  thus  preventing  the 
spread  of  untold  evils^J 

Tfaas  the  warfare,  ^t  began  by  the  chemist  with  the  niicrobeN  in 
identifying  their  character  and  relation  to  disease,  has  been  prosecuted 
for  little  more  than  a  decade  in  endeavoring  to  detect  the  tnie  charac- 
ter of  the  insidioas  poisons  with  wliich  their  arrows  are  tipped.    To  a 
certain  extent,  as  we  have  seen,  this  warfare  has  been  a  snccessfnl  one, 
in  so  far  that  the  poisons  have  been  hnnted  and  driven  to  their  last 
stroDffhold,  whiith  ere  long,  with  the  many  workers  in  attai^k,  must 
yield,  as  heretofore,  to  superior  fi>rcea.    Bat  while  this  search  for  the 
pare  poisons  has  been  in  progress  the  chemist  has  not  been  idle  in 
endeavoring  to  conntera«t  these  poisons,  the  nature  of  whicli  lie  did  not 
thoronghly  understand,  but  the  evil  effects  of  which  weie  only  too  appar- 
ent.    While  Jeniier,  in  vaccination  for  smallpox,  and  Pasteur,  with  his 
method  of  vaccination  for  anthrax,  had  showu  that  it  was  possible  to 
protect  animals  and  men  from  a  virulent  attack  of  disease  by  giving 
them  first  a  mild  attack  (though,  by  the  way,  there  are  a  few  who  con- 
tend even  to  day  that  vaccination  is  useless),  it  remained  for  Salmon, 
iiis  assistant,  and  Smith,  in  this  city,  to  demonstrate,  in  18S2,  that  the 
poisons  of  germs  could  be  used  by  men  and  animals  to  fortify  them- 
selves against  the  atta<?ks  of  these  same  bacteria.    This  conid  be 
accomplished  by  introducing  into  the  circulation  of  the  animal  a  small 
quantity  of  the  poison  of  the  germ,  so  that  when  the  germ  itself  was 
iiijecte<l  the  poison  which  it  produi:ed  was  without  effect.     What  had 
been  found  true  for  one  disease  of  animals  proved  also  to  be  true  for 
many  others,  and  chemical  vaccinsitiou  was  tried  for  diphtheria,  tetanus, 
anthrax,  cholera,  typhoid  fever,  tuberculosis,  glanders,  and  a  number 
of  other  diseases.    Bnt  this  discovery  led  to  another,  im[>ortant  and 
far-reaching.    Fodor  showed  that  the  blood  serum  of  animals  made 
immune  to  a  particular  disease  by  iujecting  the  animal  with  the  poison 
which  this  germ  formed  had  the  efi'ect  of  destroying  the  germ  of  the 
disease.    This  excited  renewed  interest  in  the  study  of  the  blo«Hl,  and 
within  a  few  years  it  was  demonstrated  by  the  work  of  miuiy,  some  in 
this  city  in  the  laboratory  before  mentioned,  that  this  serum  from  pre- 
viously immunized  animals  not  only  had  the  property  of  conferring 
immunity  npon  otLcr  animals,  but  also  of  checking  the  disease  after  it 
had  once  begun.     How  thoroughly  this  fact  was  demonstrated,  first 
by  Behring  and  subsequently  by  Bonx   and  others,  in   connection 
with  diphtheria  and  tetauns  has  been  dwelt  upon  often,  and  we  know 
of  the  many  thousands  of  lives  that  have  been  saved  by  the  use  of 
antitoxic  serums. 


4&2  THE  WAR  WTTH  THB  HICSOBBS. 

To  pr«pAre  tbe«e  the  ttolntioo  of  the  toxios.  which  we  faave  befisn 
flmcriberl.  are  injeeteft  into  differeDt  animals,  preferably  horsea,  and  at 
tbf,  end  of  nix  to  twelve  weeks  the  bktod  of  these  aoinu^  is  foand 
to  jitM  ft  Mmm  containing  Hnbstances  {lossessing  both  imniimiziiig 
and  curative  properties  which  we  call  antitonns.  The  active  principle 
of  thin  Mmm  is  present  in  a  <;omparativdy  small  quantity,  bat  its  infln- 
eiKK  is  enormons.  It  does  not  appear  to  be  a  anhstanoe  which  direct!}* 
chemically  nentralizes  the  poison,  bnt  counteracts  its  eflects  within  ibe 
animal  In  mime  nnknown  way. 

Itiit  some  of  oar  friends  may  ask,  Wore  not  these  facts  discovered 
flrst  by  the  nne  of  animals,  and  hence  has  not  this  knowledge,  thoogh 
of  InnsHmabie  value  to  mankind,  been  too  dearly  bonghtT  Yes,  i*t- 
liapK,  n  srore  or  two  of  guinea  pigs  and  sweet,  lovely  rats  and  mi» 
have  Mtoritli'ed  their  lives  for  homanity's  sake.  Bat  thfs  knowledge 
iM)iild  not  liAvt'  betui  gained  in  any  other  way  unless  by  the  sacrifice  (rf 
liunmii  life.  What  mother  woald  hesitate  to  sacrifice  a  tboosand 
giiluda  I'igs  for  the  life  of  Iter  child,  or,  on  the  other  hand,  would  wiali 
her  child  to  serve  iw  the  subject  of  exi)eriment  for  othersl 

1  Imve  olten  lH>en  asked  if  the  horses  placed  under  this  treatment 
n>r  thi>  priHlactioii  of  autitoxins  suffer.  I  think  not,  and  as  an  ilhis- 
(rAtloi)  will  relitte  an  incident  which  has  come  under  my  own  obsemt- 
titui  ill  the  ulndy  of  the  antitoxins  of  the  dread  disease.  tobercatosi<h 
A  wi>U  IiUhhUhI  hon«i>.  gentle  in  every  particalar,  ex<-ept  that  be  would 
l-uu  »«ttv  tiikoii  (he  slightest  pi\>vocatioo.  seemed  to  be  a  suitable  sob- 
(«vt  fi'(  mm**'  \<»>rk,  Awor^lingly  he  rweived  a«  injection  of  the  pojsoo 
ttf  tltt"  tuU>r\HiUvsitt  gi^rnt.  with  the  ex)>ectation  that  so  higfa-strang  as 
nt)im.t)  wtwUt  rvt^i'l  M^r-tut^it  iht-^  pleasant  bmiUaritie^  Bat  he  was 
«>ttluvU  lv««  tt)^  tV>r  ihi.-^  lie  f^l>mt:tetl  •loietlr  and  see»ed  mnch 
)Ml«^'^■;t1-^t  wi'  ivl\\  >i-«iuis>>f  ai-  hy»<dirfni:v  irrnQ^a  imill  itiuuitityaf 
tin-  (•*•<«.»«  *,*»  i;-y\  tvvt  V-^*;-'  k:-isk.i.  A  fr w  day* afterwanls  when 
»S,,  ,...,vt»;>'«  *»*  w^^»■«^^  '!  W'-c'-A  '--kv*  Seea  raK-sable  to  expect 
»'■  .f  .  -.'sw  '■  *.'.  ;>■*■■  *■  >  -l.iv^'T'V-"  32*  i».»3t  wv«j>!  lare  i^teUed 
*v '■«-■■  '"■•■•  ■•  ^■vW,  -\\  :>>i  -.  :>  iviv«?  y.-c  by  4ZT  meoM.  As 
..ys,. .  ,^  ^v  ,■.■>^^,-.  ■•%■».■.  1'v-  A.vtf.c  *-v.*'Ar  »  ;i  i^^rrc^sBd  boolr  be 
..^.  ,^^:  ,,v,  »  V,  1  "  »■  :^  r.v»-;^"'(v  *c,v»i  ;  t>;cjT  V-^-tiii  arv«a?d  wiA 
.  v    ,>,\—.v-^    s  ;W    ■  v-v-oi  ^-fc#iid»-';.  j.'-.^:  *■■*«■*:  <r»ar*?le»thi« 

f  aatc.  rsnenst  sc 
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daily  yielding  new  and  brilliant  resnlts,  to  find  means  for  controlling  a 
disease  whicb  aonaally  causes  ODe-seveutfa  of  tbe  deaths  of  tbo  popa- 
latiou  of  tbe  globef 

However,  it  iB  not  only  for  protection  against  the  two  diseases,  teta- 
nus and  diphtheria,  jnst  mentioned,  that  antitoxic  sernms  can  be  pre- 
pared. Recent  investigations  have  proved  that  typhoid  fever,  cholera, 
anthrax,  the  plagne,  etc.,  are  amenable  to  similar  treatment  and  in 
the  same  depariment  in  this  city  that  chemical  vaccination  received  its 
first  impetna,  bat  by  workers  in  the  biochemic  laboratory  it  has  been 
demonstrated  that  two  diseases  that  cause  such  losses  to  the  farmers 
of  the  country  may  be  controlled  by  antitoxic  serums.  Investigators 
in  this  same  laboratory  have  shown  also  that  a  substance  antitoxic  to 
tubercalosis  can  t>e  produced  in  the  serum  of  animals  when  they  are 
properly  treated,  whicb  has  undoubted  and  pronounced  effect  iu  check- 
ing experimental  tuberculosis  in  small  animals. 

When  we  inquire  the  character  of  these  antitoxins  we  are  almost  as 
yet  more  in  the  dark  than  in  onr  efforts  to  discover  the  exact  nature  of 
the  poisons  of  germs.  However,  it  has  been  possible  to  separate  in  a 
ikirly  pare  form  the  antitoxic  principle  ft'om  diphtheria  semm,  a  minute 
amount  of  which  will  confer  immnnity  and  the  antitoxic  principle  of 
swine  plague,  0.002  gram  of  which  has  been  found  to  cure  animals 
weighing  1  pound,  and  even  a  solid  antitoxic-like  substance  for  tuber- 
calosis has  been  obtained  in  an  impure  form.  All  these  solid  antitoxic 
principles  resemble  each  other  very  closely  in  their  chemical  tests  and 
methods  of  separation,  showing  albuminoid  reactions,  but  iu  their  cura- 
tive properties  they  are  totally  independent  the  one  of  the  other.  The 
diphtheria  antitoxic  serum  does  not  cure  tetanus;  the  swine  plague 
semm  does  not  cure  the  cholera. 

In  the  case  of  the  venom  of  serjwnts  it  has  been  found  that  repeated 
injections  will  make  tbe  serum  of  an  animal  antitoxic  and  curative 
against  other  venoms.  The  antitoxic  sorom  produced  by  the  cobra 
venom  will  protect  animals  and  men  against  the  bite  of  the  rattlesnake 
as  well  as  its  own  bite.  It  would  seem  from  this  that  there  is  a  very 
close  relationship  between  tbe  poisons  of  venomoas  snakes,  and  that 
immnnity  to  one  also  gives  protection  from  the  other.  It  appears  very 
probable,  also,  that  the  poisons  of  germs  belonging  to  the  same  genus 
will  be  closely  allied  and  that  an  antitoxin  for  one  will  also  be  an  anti> 
toxin  for  the  other.  In  fact,  it  has  been  demonstrated  that  the 
products  of  the  bacillas  coli  commnnts  will  protect  animals  from  the 
typhoid  germ,  to  which  it  is  closely  allied.  The  same  effect  will  proba- 
bly be  obtained  with  many  other  diseases  where  the  germs  are  related. 
The  difficulty  of  separating  these  antitoxins  completely  from  the 
other  constituents  of  the  blood  has  made  it  impossible  as  yet  to  obtain 
podtiye  information  as  to  their  true  chemical  character. 

As  to  their  action  in  producing  immunity,  one  theory  is  that  they 
directly  neutralize  the  poisons  which  the  germs  produce,  but  this  does 
not  seem  to  be  substantiated  by  experiment. 


4!>4  THE    WAB   WTTH   TOB   SXCAjSIS. 

Another  xhtarj  pnufnutA  fast  bf  SCcratarz.  tb»  Vf  McCrkiOaC, 
aacribea  uBHoiutr  t»  the  artioa  *>(  the  whii«  '->laai< ' 
bacteria,  while  the  Ihini  thmry.  liod  th«  one  whaeh. 
in  view  of  Mtaal  nsahd.  ia  that  the  aari 
B»tnre  of  an  aoonaaizetl  friMuit  likit  i 
the  bndj.  with  the  ai'I  oi  the  lewaerte*. 
pai^NM  of  the  partknLtr  gtrai 

lime  is  linlc  i»om  fer«ioabt  tku  ta  the  lint 
an  the  rcwilt  of  ceD  aeCiTitf  apoa  th*  mcnttwni  poasDo.  Jast  hn* 
the  cell  Maaaii^  to  toavtit  the  Eoxia  inta  aa'nnL^xw  Ti  ■  m<  1 1 1  is  Mt 
kaovn,  prrfbabiT-  bj  abaorpcurQ  <tf  the  t*>xia  acii  iit':MB-t-aau  seogtiw 
of  the  aotitoxia  aithin  the  cell  viklL  Etot  aALei  dose  otf*  toxia  fadf 
Dot  only  the  leoeorTtes  bet  a  fcraent  tc  ^i  :x  :::«  i^n— poMtanai.  ud 
M>  the  efaanj^  pfaec«d.-(  BK«e  rapuilT  amd  Tac  -titwi  .-ly  is  iatitasuL 
E^^  t^;  Tltat  the  cbcsii^^  alterj::"a  i:^  Ei:is  :s.$CaBce  »  kas  not  ben 
frii'l^iMd.  bat  that  there  are  oxidatioD  aiul  MairrsiM  rraiTaa|,iiat  li" 
'i.e  :oxin  seCBS  to  be  pro'ttCi'ie. 

Tfios.vitboat  tak^i^  ititwcoo-^deraciaa  tke4ci«r«a»:«a<'  Ac  causes 
ffi  di-V^Ac.  Tix.  icenDS  ii.^in-*^iTi«,  hr 
fa-taDt4  a  fonnal'iefavde.  ha«  the  varfue  a^aiast  tke  i 
leFMM^  a^-.boocb  a'*  wt  ■•rani  b-^re  of  the  prnpectiea  aad  i 
tL^ir  l^'xir^  we  are  aU:»-t  f'-nced  i»  «i-=iMS  thai  it  i« 
b'.t  ralber  tLat  c;aa  is  tearT::=f  b->T  lo  trail,  aad  eecaol  tkeae  miero 
M«j;.:r  ftimu  of  iife  a«  et:.nir-.«»  be&m  fc«  Itaraed  haw  to  txntrol  the 
afifiLaI>  ai,d  bigLer  plar^t-^  ■      "  -  - 

4>]r  id«^-«  'if  );>TTn.<  are  so  :l<>n<=^:T  associated  with  dioe-an*  tfiai 
»#f  oft*'ij  f'-rget  iJjjt  :b*-*e  ptnns  are  b-J  tbe  ^g^ta  for—  of  plant 
f^:;ji  «'L.<-b  artr  crjil'twe^  w::h  var:'>;:»  fiiarn<«i8./The  Molarity  of  then 
Af '^  n't!  ii..  orioo-o  Ui  Ciaa.  but  reiy  usefsl  feDowVortcTB  if  be  has  ooee 
Ij^rr.'-d  Low  to  natiaf  e  ihe=^  Tb*-  rahie  of  this  <^1  life  in  tbe  pro- 
<1  -^rt.''!!  of  viDe«.  t*MrT.  »Ld  otb^rT  ftmtrQMd  liqaids  is  tuo  well  knovn 
Ut  i.'-*^  iD"re  ttjdu  pas~Li.f  neLnoo.  But  yon  ■ay  aot  all  know  to 
«  h4t  e\;<-i:l  tb<^  ar":iui  and  Savor  <•{  leaner  and  rbeeee  are  doe  to  tbe 
[rf-i'i't*  of  n.:'r(»-orga:.i»in&.  Si'W  ibe»  piodaeU  are  freqiMitl; 
e'lt^T^aTd  f^xen^  i^ntt-'lnitt-  acid  and  acid  deriratiTes or  amines,  the 
Jii-l/T  a  (-'.aw  of  «i::.]-'>5iijds  to  o:;*  of  wtich  smoked  heRing  owes  itfl 
iiarii'  r.lar  tiavir  and  wb.fii  if-  al:^  formed  I'y  a  namber of  bacterid 

WiicTi  n..^k  i^  tr>t  <Y>y>e<'ted  ft^>m  bea^ihy  aBimals  it  is  almost  free 
from  ■^tTtii^,  l-ni  «-\posMl  t"t  ilie  air  it  sot-n  beoomes  filled  with  those 
((.rms  of  ].:<-  wlucb  arc  peT-fitily  barmtws.  If  placed  under  suitable 
iwti<lniorj>  »!:h  re;:»ni  to  t<-in]ieran;i*  ihev  »-Ul  multiply  very  readily 
ai)d  tljeiiiiik  ttf^me^  sonr.dnc  to  tbf  formation  of  lactic  acid  produced 
fiiiiii  ilic  "    -Vm-.^kbyoneoriiioreoftbestegerma.     Ifthegenns 

jfrtMmt  '  t1t.^s(-  jriviii}:  an  cTber  and  €et«r.  which  baye  a 

'leahaii!  ""na.  pood  bniier  caa  l*  made,  bat  if  tboy  give 
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rise  to  the  formation  of  disagreeable  tbio-ethers,  and  esters  or  some 
amines  the  battel  is  poor  and  bad. 

Mow,  by  isolatinsr  different  germs  found  in  the  milk  and  caltivating 
them  separately,  eo  as  to  discover  their  own  peculiar  product,  it  is  pos 
sible  to  always  make  bntt«r  of  the  same  sort  and  flavor  by  flrst  destroy- 
ing the  otber  gwros  present  by  Pastearization  and  then  inocolatiiig  the 
cream  with  the  particular  germs  desired.  A  number  of  germs  hare 
been  isolated  from  milk  which  will  produce  good  batter,  and  any  one 
of  tbein  is,  perhaps,  as  satisfactory  as  the  other,  the  ethereal  product 
being  slightly  different  and  more  palatable  to  different  individuals.  Of 
course  a  great  many  germs  have  been  found  in  milk  which  produce  dis- 
agreeable compounds,  and  it  is  not  possible  to  tell  from  their  appear- 
ance simply  which  will  be  desirable  plants,  but  it  is  easy  to  cultivate 
them  in  a  small  quantity  of  milk,  note  the  results,  and  select  the  desir- 
able plant  cells. 

Fortunately  or  unfortunately,  the  use  of  these  germs  has  been  pat- 
ented, so  that  in  the  near  future  we  may  see  braudeil  upon  particularly 
fine  bntter  and  cheese  "  Patented  in  ISJW,"  "Amended  1896,"  "  Reissued 
1908,''  etc  May  we  expect  soon  a  patented  process  for  sterilized  breath- 
ing, ^kting,  and  sleepingl 

Kecently  it  has  been  found  that  malt  if  inoculated  with  a  particular 
ferment  from  the  skin  of  the  grape  will  be  converted  into  wine,  the 
ferment  used  giving  rise  to  the  formation  of  charaoteristie  ethers,  so  it 
is  certainly  not  beyond  the  limits  of  possibilities  that  in  the  iiearAiture 
American  beer  after  a  voyage  to  France  may  retnrn  as  excellent  cham- 
pagne. When  we  discover  too  a  germ  (as  had  been  done  recently)  that 
converts  starch  into  cellulose,  we  are  almost  led  to  wonder  if  it  might 
not  be  possible  to  produce  cotton  in  a  culture  flask  if  the  particular 
genns  were  supplied  with  nutritious  food  and  a  sufficient  amount  of 
carbon  dioxide,  oxygen,  and  water. 

The  flavor  of  many  luscious  fruits  and  foods  is  due  to  the  prodncte 
either  directly  or  indirectly  of  one  or  more  of  these  useful  bacteria,  and 
on  the  other  band  similar  germs  play  an  imi>ortant  and  as  yet  unknown 
r61e  in  the  formation  of  poisonous  alkaloids. 

Many  bacteria  form  beautifully  colored  substances,  reds,  yellows, 
bines,  greens,  and  delicate  shades  wbif;h  the  art  of  man  has  not  been 
able  to  imitate  and  the  nature  of  which  he  has  not  yet  learned.  These, 
too,  are  only  liiding^heir  secrete  with  a  thin  veil,  which  investigation 
will  soon  withdrawj 

But  it  is  not  ralyln  simple  industrial  processes  that  the  proilucts  of 
germs  are  important.  Man's  very  existence,  while  menaced  on  the  one 
hand  by  a  few  germs,  is  on  the  other  dependent  upon  their  activity. 
The  germs  which  in  the  soil  produce  nitrous  and  nitric  acid  and  ammo- 
nia, and  aid  their  assimilation  by  the  plante,  those  which  facilitete  the 
decomposition  of  phosphates  and  bring  the  phosphorous,  a  ho  necessary 
conBlitaeut  for  the  life  of  plante  and  animals,  into  an  available  form, 


aatr«r,  ^ia^  »  «W7  iauB»ie  ^C  me  iciS»  j^^hb^bI  fiHt  ia  the  eai- 

nuMOMMt  A^  ste  UA  aui  vtO.  'mb^  tf  ^bb. 
T  Vvt  arK  waa?  ictav  va^^*  °>-  '* 
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By  Prof.  W.  Ohandleb  Roberts- Austen,  0.  B.,  F.  R.  8,,  M.  R.  I. 


For  reason  In  not  tbe  only  sttribnte  of  roui,  nor  is  It  the  ODly  raoalty  which  be 
habiCoally  employs  for  tbe  aacertainmeut  of  tratb. — Q.  J.  Romanes. 

Appreciation  ....  by  aiithetii;  »ti(l  intellectual  focnltiea  which  are  not  Bensee,  au<l 
whicli  are  not  nnfrequently  uu)\y  wanting  where  the  senses  ate  in  full  vigor. — T.  H. 
HuXLiev. 

The  8tiidy  of  metals  possessos  an  irresiatibte  cbarm  for  us,  quite 
ap»rt  from  its  vast  natioual  importauce.  How  many  of  us  made  our 
lirst  Bcieutific  exijeriment  by  wstcbiiig  tbe  melting  of  lead,  little  tbiok- 
ing  that  we  should  bardlyhavedoue  a  bad  life's  work  if  the  experiment 
biid  been  our  last,  provided  we  had  only  nnderstood  its  fall  signiflcaoce. 
IIow  few  of  us  forget  that  we  wistfully  observed  at  an  early  age  tbe 
nielticg  in  aa  ordinary  fire  of  some  metallic  toy  of  our  childhood;  aud 
siKb  an  experiment  has,  like  the  "Flatirou  for  a  farthing,"  in  Mrs. 
Ewing's  charming  story,  taken  a  prominent  place  in  literatare  wbich 
claims  to  be  written  for  the  yoang.  Hans  Andersen's  fairy  tale,  for 
instance,  the  "History  of  a  tin  soldier,"  has  been  read  by  children  of 
all  ages  and  of  moat  nations.  The  romantic  incidents  of  the  soldier's 
eventful  career  need  not  be  dwelt  upon;  but  I  may  remind  yoa  that  at 
it«  end  he  perished  in  the  fiames  of  an  ordinary  fire,  aud  all  that 
oonid  snbseqnently  be  found  of  him  was  a  small  heart-shaped  mass. 
There  is  no  reason  to  doubt  tbe  perfect  accuracy  of  the  story  recorded 
by  Andersen,  who  at  least  knew  the  facts,  though  his  statement  is  made 
in  popular  language.  No  analysis  is  given  of  the  tin  soldier;  in  a  fairy 
tale  it  would  have  been  out  of  place,  but  the  latest  stage  of  his  evolu- 
tion is  described,  and  the  record  is  sufficient  to  enable  us  to  form  the 
opinion  that  he  was  composed  of  both  tin  and  lead,  certain  alloys  of 
whiuh  metals  will  burn  to  ashes  like  tinder.  His  uniform  was  doubt- 
k's»  richly  ornamented  with  gold  lace.  Some  small  amount  of  one  of 
the  rarer  metals  had  probably — for  on  this  point  tbe  history  is  silent — 
toiiiid  its  way  into  his  coDstitutioo,  and  by  uniting  with  tbe  gold 
formed  the  heart-shaped  mass  which  the  fire  would  not  melt,  as  its 

'H«iid  M  weekly  evrning  meetine  »f  Koyal  Institntluii  of  Great  Britain,  Marrb  15, 
ISSS.    frinted  id  Proceetlinga  of  the  Institution,  Vol  XIV,  pp.  tV!-620. 
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teiDxieratarc  coalcl  not  have  exceeded  1,000°  C;  for  we  are  told  Ibatthe 
golden  rose  worn  by  the  artiste  who  shared  the  soldier^  fate  was  also 
fonnd  nDmelted.  The  main  pointis,  however,  that  the  presence  of  ooe 
of  the  rarer  metaU  mnst  have  endowed  the  eoldler  with  iu8  singular 
endurance,  and  in  the  end  left  an  incormptible  record  of  him. 

This  incident  has  been  taken  as  the  startiDg  iraintof  the  lectoie, 
because  we  shall  see  that  the  ordinary  metals  so  often  owe  remarkatde 
qnalities  to  the  presence  of  a  rarer  metal  which  flts  them  for  speoai 
wort. 

This  early  love  of  metals  is  implanted  in  ns  as  part  of  oar  "nnsqaan- 
dered  heritage  of  sentiments  and  ideals  which  has  come  down  to  ds 
from  other  ages,"  bnt  fntare  generations  of  children  will  know  far  more 
than  we  did;  for  the  attempt  will  be  made  to  teach  them  that  eroi 
psychology  is  a  branch  of  molecular  physics,  and  they  will  therefixe 
see  much  more  in  the  melted  toy  than  a  shapeless  mass  of  tin  and  lead. 
It  is  really  not  »n  inert  thing:  for  some  time  after  it  was  newly  cast  it 
was  the  scent!  of  iiiteose  moleoolar  activit?.  It  probably  is  never 
molecularly  quiescent,  and  a  slight  elevation  of  temperature  will  excite 
in  it  rapid  atomic  movement  anew.  The  nature  of  soch  movement  I 
have  indicated  on  previous  occasions  when,  as  now,  I  have  tried  to 
interest  you  in  certain  properties  of  metals  and  alloys. 

This  evening  I  appeal  incidentally  to  higher  feelings  than  interest 
by  briuging  before  you  certain  phases  in  the  life  history  of  metals 
whiclt  may  load  you  to  a  generous  appreciation  of  the  many  excellent 
qnalities  they  possess. 

Metals  have  been  sadly  misunderstood.  In  the  belief  that  animate 
beings  are  more  interesting,  experimenters  have  neglected  metals,  while 
no  form  of  matter  in  which  life  can  be  recognized  is  thought  to  be 
too  bumble  to  receive  encouragement.  Thus  it  ia  that  bacteria,  with 
repulsive  attributes  and  criminal  instincts,  are  petted  and  watched 
with  solicitude,  and  comprehensive  schemes  are  submitted  to  the  Royal 
Society  for  their  development,  cnlture,  and  even  for  their  "edncation,"' 
which  may,  it  is  true,  ultimately  make  them  useful  metallurgical  agents, 
as  certain  micro-organisms  have  already  proved  their  ability  to  pro- 
duce arseniuretted  hydrogen  from  oxide  of  arsenic* 

It  will  not  be  diflicalt  to  show  that  methods  which  have  proved  so 
ft'iiitful  in  results  when  applied  to  the  study  of  living  things  are  sin- 
gulai'ly  applicable  to  metals  and  alloys,  which  really  present  close 
analogies  to  living  organisms.  This  must  be  a  now  view  to  many,  and 
it  may  be  said,  "it  is  well  known  that  uneducated  races  tend  to  per- 
sonify or  animate  external  nature,"  and  it  is  strange,  therefore,  to 
attempt,  before  a  cultured  audience,  to  trace  analogies  which  must 
api>ear  to  be  remote  between  moving  organisms  and  inert  alloys,  but 

'  Dr.  I'orcf  Fraiihland  oapi>oial1;  rerors  to  the  "oducstion''  of  bacilli  for  adftptioe 
■■1  li>  iiltcrocl  comlitions.     Roy.  800.  Proc,  Vol.  LVI,  1894,  page  539. 
.  Itrauoer.    Clieiu.  NewB,  t'eb.  15,  1895,  puge  79. 
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"the  gre»ter  the  number  of  attributes  that  attach  to  anything,  the 
more  real  that  thiug  ia.'"  Many  of  the  leBS-known  metals  are  very 
real  to  me,  aod  1  want  them  to  be  ho  to- you;  listen  to  me,  then,  aa 
Hpeaking  for  my  silent  metallic  fHends,  while  I  try  to  secure  for  them 
yoar  sympathy,  esteem,  and  intuitive  perception  of  their  beauty. 

Firat,  as  regards  their  origin  and  early  history.  I  fully  share  Mr, 
liockyer^s  belief  as  to  their  origin,  and  think  that  a  futnre  generation 
will  speak  of  the  evolntion  of  metals  as  we  now  do  of  that  of  animals, 
and  thafc  observers  will  naturally  tarn  to  the  sun  aa  the  field  in  which 
this  evolution  can  best  be  studied. 

To  the  alchemists  metals  were  almost  sentient;  they  treated  them 
as  if  they  were  living  beings,  and  had  an  elaborate  phannacop<i;ia  of 
*' medicines"  which  they  freely  administered  to  metals  in  the  hope  of 
perfecting  their  constitution.  If  the  alchemists  constantly  drew  par- 
allels between  living  things  and  metals,  it  is  not  because  they  were 
ignorant,  but  because  they  recognized  in  metals  the  possessiou  of  attri- 
butes which  closely  resemble  those  organisms.  "  The  &rst  alchemists 
were  gnostics,  aud  the  old  beliefs  of  Egypt  blended  with  those  of 
Chaldea  in  the  second  and  third  centuries.  The  old  metals  of  the 
Egyptians  represented  men,  and  this  is  probably  the  origin  of  the 
komvnculiia  of  the  middle  ages,  the  notion  of  the  creative  power  of 
metals  and  that  of  life  being  confounded  in  the  same  symbol."' 

Thus  Albertns  Magnus  traces  the  influence  of  congenital  defects  in 
the  generation  of  metals  and  of  animals,  and  Basil  Valentine  symbol- 
izes the  loss  of  metalline  character,  which  we  now  know  is  due  to 
oxidation,  to  the  escape  t^om  the  metal  of  an  indestrnctable  spirit  which 
flies  away  and  becomes  a  soul.  On  the  other  hand,  the  "  reduction  "  of 
metals  ftx)ni  their  oxides  was  supposed  to  give  the  metals  a  new  exist- 
ence. ^  A  poem  of  the  thirteenth  century  well  embodies  this  belief  in 
the  analogies  between  men  and  metals,  in  the  quaint  lines; 

HoDiH  ont  rostre  conimn  metaulx, 
Tio  «t  angment  des  vegetaulx. 
iDHtiDot  et  «ene  comme  lett  brats. 
Esprit  comma  ange  en  attribute. 

'Men  have  being" — constitution — like  metals;  yon  see  how  closely 
metals  and  life  were  connected  in  the  minds  of  the  alchemists,  and  we 
inherit  their  traditions. 

"Who  said  these  old  renowns,  dead  long  ago,  could  make  me  forget 
the  living  worldl"  are  words  which  Browning  places  in  the  lips  of 
Paracelsas,  and  we  metallurgists  are  not  likely  to  forget  tbo  living 

'  Lotxe,  "Hetaphjsio,"  section  49,  quoted  by  Illtng worth.  "Personalitj,  Human 
aod  Divine."    Bnmpton  Leotnree,  1894,  page  43. 

"Bettbelot,  Lea  OriginM  do  rAIohimie,  1885  page  60. 

'  Les  Remonstrances  on  la  Coniplainte  de Nature  al'AlchjiniBte  Errant.  Attributed 
teJehaa  de  Menng,  who  with  Onillaumede  Lorris  wrot«  tlio  Roman  de  la  Ro»e.  M. 
HeoD,  the  editor  ol  the  edition  of  1814  of  this  celebrated  work,  doubts,  however, 
"hether  the  attribution  of  the  contplaMt  de  naluri',  to  Menng  is  correct. 
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world:  we  b(»Tow  its  dcfioititHis,  and  app)7  them  to  our  metals.  This 
nobility  io  metals  as  in  men,  me«DS  freedom  from  liability  to  tanii^ 
aiul  we  know  that  the  rarer  metala  are  tike  rarer  virtues,  and  bsTc 
aiDiToIiir  power  in  endanng  their  otore  ordinary  associates  with  firmness. 
elasticity,  strength,  and  endurance.  On  the  other  band,  some  of  the 
less  known  metals  appear  to  be  mere  *'  things^  which  do  not  exist  for 
themselres,  bat  only  for  the  sake  of  other  metals  to  which  they  can  be 
antted.  This  may.  bowerer,  only  seem  to  be  tbe  case  becaaao  we  aa 
yet  know  so  little  about  them.  The  question  naturally  arises,  bow  can 
thf  analogies  between  organic  and  iuoi^auic  bodies  now  be  traced?  I 
agree  with  my  coUeagne  at  tbe  Cicole  des  Hiues  of  Paris,  Prof.  Urbain 
Le  \'errier,  in  thinking  that  it  is  possible'  to  study  the  biology-.  Uie 
anatomy,  and  even  the  pathology  of  metala. 

The  anatomy  of  metals — that  is,  their  stmctore  and  framework- 
is  best  esamiiied  by  the  aid  of  the  microscope,  but  if  we  wish  to  stody 
the  biology  and  pathology  of  metals,  the  method  of  autographic  pyrom- 
etry,  which  I  brought  b^ore  you  in  a  Friday  evening  lectnre  delivered 
in  1892,  will  render  admirable  service,  for,  just  as  in  biological  and 
pathnlogii'al  phenomena  vital  fiinctiona  and  chauges  of  tissue  are  accom- 
panied by  a  rise  or  fall  in  temperature,  bo  molecular  changes  in  metals 
are  attended  with  an  evolution  or  absoiption  of  heat.  With  the  aid  of 
the  recording  pyrometer  we  now  "take  the  temperature  "of  amass  of 
metal  or  alloy  in  which  molecular  disturbance  is  suspected  to  lurk,  as 
surely  as  a  doctor  does  that  of  a  patient  in  whom  febiile  aymptoms 
are  manifest. 

It  has,  moreover,  long  been  known  that  we  can  submit  a  metal  or  an 
alloy  ill  its  normal  state  to  severe  stress,  record  its  power  of  endurance, 
and  then,  by  allowing  it  to  recover  from  fatigue,  enable  it  to  regain 
some,  at  least,  of  ita  original  strength.  Tbe  human  analogies  uf  metalo 
are  really  very  close  indeed,  for,  as  is  the  case  with  onr  own  mental 
etlorts,  the  internal  molecnlar  work  which  is  done  in  metals  often 
strengthens  aud  invigorates  them.,  Certain  metals  have  a  double  exist- 
ence, aixl  aci-ording  to  circumstances,  their  behavior  may  be  absolutely 
harmful  or  entirely  beueAcial.  The  dualism  we  so  often  recognize  in 
Imman  life  becomes  allotropism  in  metals,  and  they,  strangely  enough, 
siHim  to  Ik'  restricted  to  a  single  form  of  existence  if  they  are  absolutely 
fiiH'  fnim  eoiitaiuiuattou,  fur  probably  an  absolutely  pure  metal  can  not 
pass  from  a  normal  to  an  allotropic  state.  Last,  it  may  be  claimed  that 
some  metals  jiossess  attributes  which  are  closely  allied  to  moral  quali- 
(ios.  for.  in  their  relations  with  other  elements,  they  often  display  au 
Hinoiint  i>r  discrimination  aud  restraint  that  would  do  credit  to  seutieut 
Ih>1ii»:s. 

t'lose  us  this  resemblance  is,  I  am  far  from  attributing  cooscionsness 

■.  IIS  their  atomic  changes  re:<ult  trom  the  action  of  external 

till'  tlio  eoudiiet  of  eunst^'ious  beings  is  not  determined  from 


l.»  il,lallun;ie  eii  b'nim.  IfW.  iijge  3. 
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wjthontjbat  from  within.  I  have,  however,  ventnred  tooflerthe  iiitro- 
(Inction  of  this  lecture  in  its  present  form,  becaase  any  factH  wliicli  lead 
us  to  reflect  od  the  nnit?  of  plan  in  iiatore,  will  aid  the  Vecoguition  of 
the  complexity  of  atomic  motion  in  metals  npon  which  it  is  needful  to 
iiiBist. 

The  foregoing  remarks  have  special  Btgniflcanee  in  relation  to  the 
iutluence  exerted  by  the  rarer  metals  on  the  ordinary  ones.  AVith  the 
exception  of  the  action  of  carbon  npon  iron,  probably  nothing  is  more 
remarkable  than  the  action  of  the  rare  metals  on  those  which  are 
more  common;  bat  their  pecaliar  inflnence  often  involves,  as  we  shall 
see,  the  presence  of  carbon  in  the  alloy. 

'Which,  then,  are  the  rarer  metals,  and  how  may  they  be  isolated  1 
The  chemist  diGTers  somewhat  fW>m  the  metallm'gist  as  to  the  applica- 
tion of  the  word  "  rare."  The  chemist  thinks  of  the  "  rarity  "  of  a 
componnd  of  a  metal;  the  metallurgist,  rather  of  the  difficulty  of 
isolatiug  the  metal  from  the  state  of  combination  in  which  it  occurs  ia 
nature. 

The  chemist  in  speaking  of  the  reactions  of  salts  of  the  rarer  metals, 
in  view  of  the  wide  distribntiou  of  limestone  and  pyrolnsite,  wonid 
hardly  think  of  either  calcium  or  manganese  as  being  among  the  rarer 
metals.  The  metallurgist  would  consider  pore  calcium  or  pure  man- 
ganese to  be  very  rare.  I  have  only  recently  seen  comparatively  pure 
specimens  of  the  latter. 

The  metals  which,  for  the  purposes  of  this  lecture,  may  be  included 
among  the  rarer  metals  are:  (1)  Those  of  the  platinum  group,  which 
occur  in  nature  in  the  metallic  state;  and  (3)  certain  metals  which  in 
nature  are  usually  found  as  oxides  or  in  an  oxidized  form  of  some  kind, 
and  these  are  chromium,  manganese,  vanadium,  tungst«n,  titanium, 
zirconium,  uranium,  and  molybdenum  (which  occurs,  however,  as  sul- 
phide).   Incidental  reference  will  be  made  to  nickel  and  cobalt. 

Of  the  rare  metals  of  the  platinum  groap  I  projmse  to  say  but  little. 
We  are  indebted  for  a  magnificent  display  of  them  in  the  library  of  my 
friends,  Messrs.  George  and  Edward  Matthey,  and  to  Mr.  Sellon,  all 
members  of  a  great  firm  of  metalhirgists.  You  shonid  specially  look  at 
the  splendid  mass  of  iialladium,  extracted  from  native  gold  of  the  value 
of  £2,500,000,  at  the  melted  and  rolled  iridium,  and  at  the  masses  of 
osmium  and  rhodium.  No  other  nation  in  the  world  could  show  such 
specimens  as  these,  and  we  are  justly  proud  of  them. 

These  metals  are  so  interesting  and  precious  in  themselves,  that  I 
hope  you  will  not  think  I  am  taking  a  sordid  view  of  them  by  saying 
that  the  contents  of  the  case  exhibited  in  the  library  are  certainly'  not 
worth  lesH  than  £10,000. 

As  regards  the  rarer  metals  which  are  associated  with  oxygen,  the 
problem  is  to  remove  the  oxygen,  and  this  is  usually  effected  either  by 
affording  the  oxygen  an  opportunity  for  uniting  with  another  metal,  or 
by  reducing  the  oxide  of  the  rare  metal  by  carbon,  aided  by  the  tearing 
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effect  of  an  electric  current.  lu  this  crocible  tliere  ia  ao  Eutimate  mix- 
ture, in  atomic  proimrtioDS,  of  oxide  of  chroniiom  and  flnely  divided 
metallic  aluminum.  The  thermo  jnaction  (A,  fig.  1,  PI.  XXIII)  of  the 
pyrometer  which  formed  the  subject  of  my  last  Friday  eveniag  lecture 
here  is  placed  within  the  crucible  B,  and  the  spot  of  light  C,  from  the 
galvanometer  D,  vith  vbieh  the  junction  is  connected,  indicates  on  the 
screen  that  the  temperature  is  riainf.  You  will  observe  that  as  soon  ao 
tbe  i>oiiit  marked  1,010<^  \a  reached  energetic  action  takes  place;  the 
temi>crature  suddenly  rising  above  tbe  melting  point  of  platinum,  melt« 
the  thermo  junction,  and  the  spot  of  light  swings  violently;  bat  if  the 
crucible  be  broken  open  yon  will  see  that  a  mass  of  metallic  chromium 
has  beeu  liberated. 

The  use  of  alkaline  metals  in  separating  oxygen  &om  other  metals  is 
well  known.  I  can  not  enter  into  it«  -history  here,  beyond  sayin^r  that 
if  L  were  to  do  so,  frequent  references  to  the  honored  names  of  Berze- 
lius,  Wiihler,  and  Winkler  wonld  be  demanded.' 

Mr.  Vaiitiii  has  recently  shown  that  granulated  aluminum  may  read- 
ily he  prepared,  and  that  it  renders  great  service  when  employed  as  a 
reducing  agent.  He  has  lent  me  many  specimens  of  rarer  metals  witich 
have  been  reduced  to  the  metallic  state  by  tbe  aid  of  this  finely- 
granutatetl  aluminum;  and  I  am  iudebted  to  bis  assistant,  Mr.  Picard, 
who  was  lately  one  of  my  own  students  at  tbe  Uoyal  School  of  Mines, 
for  aid  in  the  preparation  of  certain  other  specimens  which  have  been 
isolated  in  my  laboratory  at  tbe  mint. 

The  experiment  you  have  ju»t  seen  enables  me.to  juatUy  a  statement 
I  made  respecting  the  discriminating  action  which  certain  met.ils  appear 
to  exert.  The  relation  of  aluminnin  to  other  metals  is  very  singular. 
Wben,  for  iuBtaitce,  a  small  ijuautity  of  aluminum  is  present  in  cast 
iron,  it  protects  the  silicon,  manganese,  and  carbon  from  oxidation.* 
The  presence  of  silicon  in  aluminum  greatly  adds  to  the  brilliaucy  with 
which  aluminum  itself  oxidizes  and  burna^  It  is  also  asserted  that 
aluminum,  even  in  small  quantity,  exerts  a  powerful  protective  action 
against  the  oxidation  of  the  silrer-zinc  alloy,  which  is  the  result  of  the 
desilverixation  of  lead  by  zinc. 

Moreover,  heat  aluminum  in  mass  to  redness  in  air,  where  oxygen 
may  be  had  freely,  and  a  film  of  oxide  which  is  formed  will  protect  the 
mass  from  further  oxidation.  On  the  other  hand,  if  finely  divided  ala- 
minnm  finds  itself  in  the  presence  of  an  oxide  of  a  rare  metal,  at  an 
elevated  temperature,  it  at  once  acts  with  energy  and  promptitude,  and 
releases  the  rare  metnl  from  tbe  bondage  of  oxidation.  I  trust,  there- 
fore, you  will  consider  my  claim  that  a  metal  ma; 
bates  has  been  justified.    Atuminam,  moreover, 

'  An  intorofting  paper,  by  H.  F.  Keller,  on  the TvduRttoDol 
nietulH,  will  lie  found  in  tbe  Jonrnal  of  tbe  Americiin  Cbe 

Sou.  Chim.  PariB,  Vol.  XI,  18W,  page  377. 

,  Lesons  snr  IfH  Mi<Uux,  Part  II,  1891,  page  200. 
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has  acquired  with  great  fidelity,  and  will  only  part  with  it  again  by 
electrolytic  action,  or  at  very  high  temperatores  Qoder  the  influence  of 
the  electric  arc  in  the  presence  of  carbon. 

[A  suitable  mixture  of  red  lead  and  alaminam  was  placed  in  a  small 
cmcible  heated  in  a  wind  fiirnace,  and  in  two  minntes  an  explosion 
sunotmced  the  termination  of  the  experiment  The  crucible  was  shat- 
tered to  frag^ments.] 

The  alnminom  londly  protests,  as  it  were,  against  being  intmsted 
with  sach  an  easy  task,  as  the  beat  engendered  by  its  oxidation  had 
not  to  be  used  in  melting  a  difficultly  fusible  metal  like  chromium,  the 
meltlag  point  of  which  is  higher  than  that  of  platinum. 

It  ia  admitted  that  a  metal  will  abstract  oxygen  from  another  metal 
if  the  reaction  is  more  exothermic  than  that  by  which  the  oxide  to  be 
decomposed  was  originally  formed.  The  heat  of  formation  of  alumina 
is  391  calories,  that  of  oxide  of  lead  is  51  calories;  so  that  it  might  be 
expected  that  metallic  alominum,  at  an  elevated  temperature,  would 
readily  reduce  oxide  of  lead  to  the  metallic  state. 

The  last  experiment,  however,  proved  that  the  redaction  of  oxide  of 
lead  by  alnminom  is  effected  with  explosive  violence,  the  temperature 
engendered  by  the  reduction  being  ssflQciently  high  to  volatilize  the 
lead.  Experiments  of  my  own  show  that  the  explosion  takes  place 
with  mnch  disrnptive  power  when  alnminnni  reacts  on  oxide  of  load 
in  vacno,  and  that  if  coarsely  ground,  fused  litharge  be  substituted  Tor 
red  lead,  the  action  is  only  accompanied  by  a  rushing  sound.  The 
result  is,  therefore,  much  influenced  by  the  rapidity  with  which  the 
reaction  can  be  transmitted  throughout  the  mass.  It  is  this  kind  of 
experiment  which  makes  us  turn  with  such  vivid  interest  bo  tbo  teach- 
ing of  the  school  of  St.  Oaire  Deville,  the  members  of  which  have  ren- 
dered such  splendid  services  to  physics  and  metallurgy.  They  do  not 
advocate  the  employment  of  the  mechanism  of  molecules  and  atoms  iu 
dealing  with  chemical  problems,  but  would  simply  accumulate  evidence 
as  to  the  physical  circumstances  under  which  chemical  combination  and 
dissociation  take  place,  viewing  these  as  belonging  to  the  same  class  of 
phenomena  as  solidification,  fusion,  condensivtion.  and  evaporation. 
They  do  not  even  insist  upon  the  view  that  matter  is  minutely  granu- 
lar, but  in  all  cases  of  change  of  state  make  calculations  on  the  basis 
of  work  done,  viewing  changed  "  internal  energy"  as  a  quantity  which 
should  reappear  when  the  system  returns  to  the  initial  state. 

A  verse  of  some  historical  interest  may  appeal  to  them.  It  occurs 
m  an  old  poem  to  which  I  have  already  referred  as  being  connected 
with  the  "Soman  de  laBose,"  and  it  expresses  nature's  protest  against 
those  who  attempt  to  imitate  her  works  by  the  use  of  mechanical  meth> 
ods.    The ''argument"  runs  thus: 

Comme  Natnrs  so  complaint, 
Et  dit  ■•  douleur  ot  aon  plaint 
A  tug  Rot  soufllear  aopbiailqae 
Qui  n'lue  que  d'art  mdcbaDl  qoeb 
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It  Xti*:  -■.•*:  *A  ^»«-ki&Liea]  art''  iacAidec  the  Mod r  of  cbeBistxy  oo 
■V-  •rt-X"  *4  -.iitf  uM-icMiv*  «f  tW  aa^ft.  I  Bay  be  pemiitod  to  <^Ser 


An  exjiUMH'Mi  •ftieh  a«  ts  proJxcd  vbca  ri«Binan  uid  oxide  of  lead 
si«  beat>^  in  ]ii«M<iKe  of  «t^  otter,  vbidi  suggested  tbe  reference  to 
ttu^  old  French  vtTae.  does  not  <rftcii  oemr.  ss  in  most  cases  the  rednc- 
iitm  itt  iUft  rarer  metalx  bj-  almuDOin  is  effected  quietly. 

Xin^iiioni  JH  a  metal  whicli  may  be  so  redaoed.  I  have  in  this  way 
prepared  iiniall  <jnautities  of  zirconinm  tma  its  oxide,  uid  have  formed 
a  grt^enub  alloy  of  eitraordioary  streogtb  by  tb«  addition  of  0.2  pa 
wilt  of  It  to  {;ol<l|  and  tbere  are  many  cireamstances  wliicb  lead  to  Ow 
iHillf.r  iliat  tlie  future  of  zirconinra  will  be  brilliant  and  nsefiiL  I  have 
ri;du(;^-4  V!iua<1iiiiii  and  uraniam  from  its  oxide  by  means  of  aluminnn 
OM  well  iiH  loangsnese,  vbich  is  easy,  and  titaoiom,  which  is  more  diffi- 
culL  TtinKriten,  in  fine  specimens,  is  also  before  yon,  and  allnsion  win 
Im*  niuilu  HubwMjuently  to  the  nses  of  these  metals.  At  present  I  woald 
ilruwyimr  attention  to  some  propertiesoftitaniom  which  are  of  special 
liitcn-Hl,  It  bams  with  brilliant  sparks  in  air;  and,  as  few  of  as  kave 
w^oii  MtHiiiuiii  burn,  it  may  be  well  to  bom  a  little  iu  this  Same.  (Ex- 
|M'riiiiuiit  )i«rl'onried,]  Titanlnni  appears  to  be,  from  the  recent  experi- 
iiJi'iilH  of  M.  MolKHan,  tUu  most  difflcnltly  fusible  metal  known;  bntit 
liiiH  ilii>  Hlii({iilar  pro|»erty  of  burning  in  nitrogen — it  presents,  in  fact, 
Mii^  only  known  liistanco  of  vivid  combustion  in  nitrogen.' 

'riluiiliiiii  ni»y  bit  rcitdily  reduced  from  its  oxide  by  the  aid  of  aln- 
iiiiiiiini.  I  lum  are  considtirablo  masses,  sufficiently  pare  for  many  pnr- 
poMox,  wliicli  I  liivvu  recently  prepared  in  view  of  thin  lecture. 

Tho  olIiiT  niotliod  by  whit-b  the  rarer  metals  may  be  isolated  is  tbat 
wlilt'li  Involvftt  tlio  HHo  of  tlio  elei'trical  furnace.  Iu  this  connection  the 
imitUMif  SIv  W,  Siemens  should  not  be  forgotten.  Be  described  the 
nM>t>rtlir  e)i>«-li-lo  Hn>  t^irnaoe  in  which  tbe  carbons  were  arrauged 
v»irHi'iill,v,  lilt'  lowt'r  fiirlwH  Iteing  repluced  by  a  carbon  crucible;  and 
111  IS'^J  llt^  iiuOtiHl  hi  sm^li  A  fkirnt)(.-e  no  less  than  10  ponnds  of  platioom 
iluviiitf  iiu  t'vin'riiHont  at  which  I  hud  the  good  fortune  to  assist.  It 
iiiit>  i\\W\\,  biM'lHiHiwl  tliAl  tlie  large  f\irnaces  with  a  vertical  carbon  in 
\>lu*'li  llio  Imtli  is  uuiiuiitiu«Hl  tluid  by  means  of  tbe  electric  cnrrent,tlie 
iktuukiiuiiu  rtiul  othtT  metitiM  b*>ing  retluccd  by  electrolytic  action,  >re 
Um'  dii  wl  nuli't'iHO  (if  Ibo  work  of  Sit'meua. 

\\\  Uio»l.'\*'l«""""i>t .»!  tl,<,  use  of  the  electric  are  fm- the  iaolatMW  of 
lh(^  t'<t)i\  ilii'  *t'  uit't.tls  Moi::i£sui  Stands  in  the  boat  nnk. 
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Ho  points  out '  that  Despretz "  used  in  1849  the  heat  produced  liy  the 
arc  of  a  jiowerfiil  pile}  bat  Moissan  was  the  first  to  employ  the  arc  in 
sueli  a  way  as  to  separatu  its  heating  effect  from  the  eleeti'olytii;  aetion 
it  exerts.  This  be  does  by  placing  the  poles  in  a  horizoncal  position 
and  by  reflecting  their  heat  into  a  receptacle  below  them.  He  has 
sbowii,  in  a  series  of  classical  researches,  that  emjiloying  800  ampi-reti 
and  1 10  volts  a  temperatare  of  at  least  SfSOC^  may  be  attained  and  that 
many  metallic  oxides  whioli  until  recently  were  supposed  to  be  irre- 
ducible may  be  readily  made  to  yield  the  metal  they  <»titaJii.^ 

A  support  or  ba^  for  the  metal  to  be  reduced  is  needed,  and  thiH  in 
afforded  by  magnesia,  which  apt>ears  to  be  abaolutel}'  stable  at  the 
utmost  temperatures  of  the  arc.    An  atmosphere  of  hydrogen  may  be 
employed  to  .avoid  oxidation  of  the  reduced  metal,  which,  if  it  is  not  a 
volatile  one,  remains  at  the  bottom  of  the  (Tucible  almost  always  asso- 
ciated with  carbon — forming,  in  fact,  a  carbide  of  the  metal.     I  want  to 
show   you  the  way  iu  which  the  electric  furnace  is  used,  but,  nnfor- 
tnuately,  the  reductions  ure  usually  very  tedious,  and  it  wouhl   be 
impossible  to  actually  show  yon  mncli  if  I  were  to  attempt  to  reduce 
before  you  any  of  the  rarer  metalit;  bnt  as  the  main  object  is  to  show 
you  how  the  farnace  is  used,  it  may  be  well  to  boil  some  silver  at  a  tem- 
perature of  some  2,500°,  and  subsequently  to  melt  chromium  in  the 
famace  (flg.  2,  PI.  XXIII).    This  farnace  consistaof  aclay  re<:eptae]eA 
lined  with  maguesia  B.    A  current  of  60  amperes  and  100  volts  is  iutro- 
dnced  by  the  carbon  jwtes  C,  0  C;  an  electro -magnet  M  is  |)rovided  to 
deflect  the  arc  on  to  the  metal  to  be  melted.    [By  ueuns  of  a  lens  and 
mirror  D  £  the  image  of  the  arc  and  of  the  molten  metal  was  projected 
onto  a  screen.     For  this  purpose  it  was  found  convenient  to  make  the 
furnace  much  deeper  than  wouljl  ordinarily  be  the  case.] 

The  result  is  very  beautiful,  tut  can  only  be  rendered  in  dull  tones 
by  the  accompanying  illustrations  (I'l.  XXIV),  It  may  be  well,  there- 
fore, to  state  briefly  what  is  seen  when  the  furnace  is  arranged  for  the 
melting  of  metallic  ehrominm.  Directly  the  current  is  jinDsed  the  pic- 
ture reflected  by  the  mirror  E  (fig.  2,  PI.  XXIIl)  shows  the  interior  of 
the  furnace  (fig.  1,  PI.  XXIV)  as  a  dark  crater,  the  dnll  red  poles  reveal- 
ing the  metallic  luster  and  gray  shadows  of  the  metal  beneath  them.  A 
little  later  these  poles  become  tipped  with  dazzling  white,  and  in  the 
course  of  a  few  minutes  the  temperature  rises  to  about  2,500^^  C  Such 
a  temperature  will  keep  chromium  well  melted,  though  a  thousand 

'  Ann.  d«  Chim.  et  do  Pliyi..,  Vol.  IV,  1895,  page  365. 

'Comptes  RendUB,  Vol.  XXVIII,  page  755,  auA  Vol.  XXIX,  1819,  pagi'B4g,  r>4.'>,712. 

*Tbe  principal  memnirB  of  M.  Moisaan  will  be  found  in  the  Coiiiptcs  Ueudns,  Vol. 
CXV,  1892,  page  1031;  ibid.,  Vol.  CXVI,  1893,  pages  317,  ai9,  M9,  1222,  ]22ii,  1J29; 
iM.i.,VoI.  CXIX,1894,  pages,  15,  20,  935;  ibid..  Vol.  CXX,lsa^  pagf  290.  The  more 
imponaiit  of  the  metnls  he  bus  isolated  are  nraniam,  ohromiiini,  mnngansao,  /irco- 
nlaiii,  luolybil ennui,  tun gBten,  vanadinm,  and  titanium.  Tberoiaiin  important  pnper 
^S  'lin  OD  the  various  forms  or  the  flei-tric  fnrnooe  in  the  Ann,  lie  (.'hiiii.  et  tie  Pbya., 
Vol.  IV.,  1896,  page  366. 
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«"n    rt  M'^iuUv  duf   vurM«t.     ^!ji 

r  n^h  »»*Mf-(»  f**  ..«!*  'tracer,  wii. 

l./,.t  4k*  /.^f.  yiw  *..«b  r.ttM  Tsumit  iad  ^''tiH"^  tbe  bifid  tinia  and 

7t^  ♦■ff*-'^  wbM)  Mt^*«^  lanipit«n  «  iiItct  'ijc.  2.  PL  XXI V  r  i«pli»c«6 
H,tfii4ttum  U  «r><M  li  til*:  tuuae.  \mt,  in  the  Utter  earn,  the  ^wing  lake  is 
ff('/»i>  WdJifMit  l»  ttA  taHffibmt  Imilnii^  and  blue  vapors  rise  to  be  con- 
tifhi'-tl  in  tt(«  iriilMU'Mtt  \fniA*  of  diMiDed  silver  which  stod  the  crater 

N'K'lt  «t<  [f«<r)iii<^iU  will  jmibably  lend  a  new  interest  to  the  nae  of  the 
mi  lit  ('"riJi'''-M'ni  wttli  Mtrimomical  metallurgy, for,  an  George  Herbert 
■iild  litiitf  Mtfii, 

Mlnra  hiivn  tlinlr  atonn*  iTm  In  ■  hiKb  degree, 

A-  W«lllM  w«t 

imkI  liiit'kyi*!'  liiHt  Hli'iwn  Ikiw  hniKtrtant  it  in, in  relatioo  to  sach  bUows, 
lo  III!  iililo  to  Ml'iHly  Mm  (llHtnrbaiiceH  hi  the  varioan  strata  oftbe  stellar 
•tt  «i<liil  MtiMiiN|iliiii'i>.  hHytM'H  of  metallic  viiiior  which  differ  widely  iu 
lt>Mi|it>i>iliiMM>nii  ltt>  iiioi'U  r«iulily  flbtiilned  by  the  use  of  the  electrical 
llMiiiii^it  IImih  uhtMi  n  fiKtitiioiit  of  iiitfttil  ia  melted  and  volatilized  by 
|>l>ii'tiiu  II  th  \\w  Hm  w\  XXw  lt>wt>r  iMU'bMii. 

1 1  iHitxl  not  bo  nn'Hdttoii  th»t  tbe  use  of  the  electric  arc  between 
t»iiUt>ii  inOt^x  iviuloi^  It  iivtH'litnilly  iiu|H>88ible  to  prepare  the  ran 
ttd'iitlt  uMliKiU  ttawit'iiitmu:  tltt>H)  witb  cwbon,  often  forming  tme  car- 
I'tiU'  ii  W\\  (I  ii  iHwttbln  \\\  iHwiy  t'asw  to  separate  the  carbon  by  sob- 
-v'vim'nl  lU'-H'm^ut-  Mttti.titn  hiWs  howt>\-er. opened  op  avast  field  of 
K\-,\\vi.,\\\.\\  w^titk  b\  |>t(tv'tU)E  Ht  our  di^(Hvsal  practicaUy  all  the  rar« 
tnui  -iMvi  Mn>(  tit  ftlmU  iii.^j  tv  ^^^^u^■«^l  tVotu o\td(<ct,«Dd  it  \A  oecessaiy 
hH  U.  *in\\  111  \^•kl'•l^t^•t  hv«*  *»  ttt;V>-  Nfsit  IWC«Y  vpoB  u«r  iiihcTttaiKe' 
M'.'  V  u'v'ii'S'i'.  v'l  ihv>  ii\i'j>  »hx(»  w.f  h^v*  know*  loB^  moagii  to 
ift'%\>»i\'  ♦■v^''l^1"■^t'^l  ,*'i\l  tu^tti,i£HU\-(M\  4itd  tftew  v«  kawooly  ksovB 
Uvv  »»v'"  ^.*its'»  iv*  .«  IV*  iuv>i<.:u<  la  ti^c  i.*-.irb«rtz«4l  $tate  tfcff 
hiV\>vt-'s'o-  -rvvsv-t  ^v^-■uv^:va  '••,l»  ::>«  wKitilnr^ef  5t«ct: 

t  .»    h- ^n  -     !.»■,   ^:«:i.tvt   111,  -u^  >> -SiwoiUtt.  dCiiciiK.  and 

u  ..        ..  w  .'xwivt  M.'.N  v>.e-'     V-  J<'i>j«e  m  dl^IitfcnreB 

>•'.♦■    ,V     V  -  >v\^  'I'v^.>  »,  t   l.>.'l     tfiMCtW  ^fW  if^  ■(bti* 
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Interior  of  turnwe  contalnlnit  moltEn  chroinluin.  as  Is  wen  either 
bf  reflection  on  a  Bcreea  or  by  looklnK  Into  tbe  furaww  truni 
above,  the  ere*  beln«[  sultabljr  protected  by  deepty  Uuied  glasse*. 
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i  n(3el>  ted  to  M.  Moissau  for  seDding  us  beaotiful  specimeDS  of  cbromiiim, 
vaiiadiam,  iirauium,  zircooium,  tungateti,  molybdeiiam,  and  titanium. 
[Xbese  were  exbibitet).] 

Xlie  question  naturally  arises,  Why  is  tlie  future  of  their  asefaliiess 
so  promisingT  Wliy  are  they  likely  to  render  better  service  than  the 
comniou  metals  with  which  we  have  long  been  familiarf  It  must  be 
confessed  that  as  yet  we  know  but  little  what  services  these  metals  will 
render  when  they  stand  alone;  we  have  yet  to  obtain  them  in  a  state 
of  purity,  and  have  yet  to  stndy  tbeir  properties,  but  when  small 
quantities  of  any  of  them  are  associated  or  alloyed  with  other  metals 
there  is  good  reason  to  believe  that  they  will  exert  a  very  powerful 
inflnence.  In  order  to  explain  this,  I  must  appeal  to  the  physical 
method  of  inquiry  to  which  I  have  already  referred. 

It  is  easy  to  lest  the  strength  of  a  metalor  of  an  alloy;  it  is  also  easy 
to  determine  its  electrical  resistance.  If  the  mass  stands  these  tests 
well,its  suitability  for  certain  purposes  is  assured;  bat  a  subtle  method 
of  investigation  has  been  afforded  by  the  results  of  a  research  intrusted 
to  me  by  a  committee  of  the  Instjtntion  of  Mechanical  Engineers,  over 
which  Dr.  Anderson, of  Woolwich,  presides.  We  can  now  gather  much 
information  us  to  the  way  in  which  a  mass  of  metal  has  arranged  itself 
during  the  cooling  from  a  molton  condition,  which  is  the  necessary  st^p 
in  fashioning  it  into  auseful  form;  it  is  xwssible  to  gain  insight  into  the 
way  ill  which  a  molten  mass  of  a  metal  or  an  alloy  molecularly  settles 
itaelf  down  to  its  work,  so  to  speak,  and  we  can  form  conclusions  as  to 
ita  probable  spliere  of  usefulness. 

The  method  is  a  graphic  one,  such  as  this  audience  is  fomiliar  with, 
for  Prof.  Victor  Horsley  has  shown  in  a  masterly  way  that  traces  on 
smoked  paper  may  form  the  record  of  the  heart's  action  under  the  dis- 
turbing influence  caused  by  the  intrusion  of  a  bullet  into  the  human 
body.  I  hope  to  show  you  by  similar  records  the  effect,  which,  thoagh 
diHturbing,  is  often  for  ttom  prejudicial,  of  the  introduction  of  a  small 
quantity  of  a  foreign  element  into  the  "system ''of  a  metal,  and  to 
justify  a  statement  which  I  made  earlier  as  to  the  applicability  of 
physiological  methods  of  investigation  to  the  study  of  metals.  In  order 
that  the  nature  of  this  method  may  be  clear,  it  most  be  remembered 
that  if  a  thermometer  or  a  pyrometer,  as  the  ease  may  be,  is  plunged 
into  a  mass  of  water  or  of  molten  metal,  the  temperature  will  fall  con- 
tiuuously  until  the  water  or  the  metal  begins  to  become  solid;  the  tem- 
perature will  then  remain  constant  until  the  whole  mass  is  solid,  when 
tbe  downward  course  of  the  temperature  is  resumed.  This  little 
thermo-jnnction  is  plunged  into  a  mass  of  gold,  an  electric  carrent  is, 
in  popular  language,  generated,  and  the  strength  of  the  current  is  pro- 
portional to  the  temperature  to  which  the  thermo-junction  is  raised;  so 
that  tbe  spot  of  light  ftvm  a' galvanometer  to  which  tbe  thermo-jonction 
is  attached  enables  us  to  measure  the  temperatnre,  or,  by  the  ^d  of 
photography,  to  record  any  thermal  changes  that  may  occur  in  a  heated 
mass  of  metal  or  alloy,  ,^  , 
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It  IB  only  necetwary  for  onr  purpose  to  ose  a  portion  of  the  loog  acak 
which  may  be  traced  across  the  end  of  the  room  by  the  spot  of  ligi' 
from  the  galvaDOmeter,  bat  we  moat  make  that  portion  of  the  ecak 
movable.  Let  me  try  to  trace  before  you  the  corve  of  the  fre«eiDg  ot 
pore  cold.  It  will  be  necessary  to  mark  the  positiou  occupied  by  thr 
movable  spot  of  light  at  regular  intervals  of  time  during  which  titt 
gold  is  near  1,045°  0.,that  is,  while  the  metal  is  becomiug  solid.  Everr 
time  a  metronome  beats  s  second,  the  white  screen  A  (flg.  1,  PL  XXV;. 
a  sheet  of  paper,  will  be  raised  a  definite  number  of  inches  by  the  g«ar 
ing  and  handle  B,  and  the  position  successively  occnpied  by  the  spot  <h' 
light  C  will  be  marked  by  hand. 

You  see  that  the  time-temperature  curve,  r  y,  so  traced  is  oot  con- 
tinuous. The  freezing  point  of  the  metal  is  very  clearly  marked  by  the 
vertical  portion.  If  the  gold  is  very  pure  the  angles  are  sharp ;  if  it  is 
impure  they  are  rounded.  If  the  metal  bad  falleu  below  its  freezing 
point  without  actually  becoming  solid,  that  is,  if  superfusion,  or  sur- 
fusion,  had  occurred,  then  there  would  be,  as  is  often  the  case,  a  diji 
where  the  freezing  begins,  and  then  the  temperature  curve  rise 
suddenly. 
'  If  the  metal  is  alloyed  with  large  quantities  of  other  metals,  then 
there  may  be  several  of  these  freezing  points,  as  successive  groops  of 
alloys  fiill  out  of  solution.  The  rough  diagrammatic  method  is  not  suf- 
ficiently delicate  to  enable  me  to  trace  the  subordinate  points,  but  they 
are  of  a  vital  importance  to  the  strength  of  the  metal  or  alloy,  and  pho- 
tography enables  us  to  detect  them  readily. 

Take  the  case  of  the  tin-oopper  series;  yon  will  see  that  as  a  mass  of 
tin-copper  alloy  cools,  there  are  at  least  two  distinct  freezing  points. 
At  the  upper  one  the  main  mass  of  the  fluid  alloy  became  solid;  at 
the  lower,  some  definite  gronp  of  tin  and  copper  atoms  fall  out,  the 
position  of  the  lower  point  dei>ending  upon  the  composition  of  the  mass. 

Now  turn  to  more  complex  curves  taken  on  one  plate  by  making  the 
sensitized  photographic  plate  seize  the  critical  part  of  the  curve,  the 
range  of  the  swing  of  the  mirror  from  hot  to  cold  being  some  GO  feet 
The  upper  curve  (fig.  2,  PI.  XXV")  gives  the  freezing  point  of  bismuth, 
and  you  see  that  surfnsion,  a,  is  clearly  marked,  the  temperature  at 
which  bismuth  freezes  being  268°  O.  Tlie  lower  curve,  marked  "tin," 
represents  the  freezing  point  of  that  metal,  which  we  know  is  231oC.,and 
in  it  surfnsion,  b,  is  also  clearly  marked.  The  curve  marked  stmdard 
gold  contains  a  sabordinate  point,  c,  which  yon  will  observe  is  loww 
than  the  freezing  point  of  tin,  and  it  is  caused  by  the  soUdificatiou  of  s 
small  portiou  of  bismuth,  which  alloyed  itself  with  some  gold  atoms,  and 
remained  fluid  IiaUw  the  freezing  point  not  only  of  bismuth  itself  hot 
of  tin.    Nc  H  low  freezing  point  in  it  like  this  is  found  to  be 

very  brittl  'n  a  fair  way  to  answer  the  question  why«5 

per  cent  ol  'es  the  strength  of  gold,  while  0.2  per  cent  of 

tballiam,  a  a,  halves  the  strength.    In  the  case  of  the 
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zirconium  ttau  aabordinate  point  is  very  bigb  itp,  while  in  the  case  nf 
tbe  tliallium  it  is  very  Inw  down.  So  far  as  my  ezperimenta  hare  as  yet 
been  carried,  this  seems  to  be  a  fact  which  underlies  the  whole  qnestion 
of  tlie  strength  of  metals  and  alloys.  If  the  snbordinate  poiot  is  low, 
tbe  metal  will  be  weak;  if  it  ia  high  in  relation  to  the  main  setting 
I>oint,  then  the  metal  will  be  strong,  and  the  cooclaaion  of  the  whole 
matter  is  thlH :  The  rarer  metals  which  demand  for  their  isolation  from 
their  oxides  either  the  ase  of  alnminnm  or  the  electric  arc,  never,  so 
far  as  I  can  ascertain,  prodoce  low  freezing  points  when  they  are  added 
in  small  quantities  to  those  metals  which  are  used  for  constractire  par- 
poBes.  Tbe  diffloultly  fusible  rarer  metals  are  never  the  cause  of  weak- 
ness, but  always  confer  some  property  which  is  precious  iii  industrial 
ose.  How  these  rarer  metals  act,  why  the  smfUl  quantities  of  tbe  added 
rare  metals  permeate  tbe  molecales,  or,  it  may  be  the  atoms,  and 
stren^hen  the  metallic  mass,  we  do  not  know;  we  are  only  gradually 
accntuulating  evidence  which  is  afforded  by  this  very  delicate  physio- 
logical method  of  investigation. 

As  regards  the  actual  temperatures  represented  by  points  on  such 
carves,  it  will  be  remembered  that  tbe  indications  afforded  by  the 
recording  pyrometer  are  only  relative,  and  that  gold  is  one  of  the  most 
suitable  metals  for  enabling  a  high,  fixed  point  to  be  determined.  There 
ia  mnch  trustworthy  evidence  in  favor  of  the  adoption  of  1,04S'^  as  the 
melting  point  hitherto  accepted  for  gold.  The  results  of  recent  work 
indicate,  however,  that  this  is  too  low,  and  it  may  prove  to  be  as  high 
as  ]  ,0U1.7,  which  is  tbe  melting  point  given  by  Heycock  and  Neville '  in 
tbe  latest  of  their  admirable  aeries  of  investigations,  to  which  reference 
was  made  in  my  Friday  evening  lecture  of  1892. 

It  may  be  well  to  point  to  a  few  instances  in  which  the  IndnstriiU  use 
of  such  of  tbe  rarer  metals  aa  have  been  available  in  suflBcient  quan- 
tity is  made  evident.  Modem  developments  in  armor  plate  and  projec- 
tiles will  occur  to  many  of  us  at  once.  This  diagram  (tig.  1,  PI.  XXVI) 
affords  a  rapid  view  of  the  progress  which  has  been  made;  and  in  col- 
lecting tbe  materials  for  it  from  various  sources  I  have  been  aided  by  Mi*. 
Jenkins.  The  effect  of  projectiles  of  approximately  the  same  weight, 
when  fired  with  the  same  velocity  against  6-inoh  plates,  enables  com- 
parative results  to  be  studied,  and  illustrates  the  fact  that  the  rivalry 
bet»'eeD  artillerists  who  design  guns,  and  metallurgists  who  attempt 
tA  produce  both  impenetrable  armor  plates  and  irresistible  projectiles, 
forms  one  of  the  most  interesting  pages  in  our  national  history.  When 
metallic  armor  was  first  applied  to  the  sides  of  war  vessels  it  was  of 
wrought  iron,  and  proved  to  be  of  very  great  service  by  absolutely  pre- 
veiithig  the  passage  of  ordinary  cast-iron  shot  into  tbe  interior  of  the 
v«sael,  as  was  demonstrated  through  the  American  civil  war.  It  was 
found  to  be  necessary,  in  order  to  pierce  the  plates,  to  employ  harder 
and  larger  projectiles  than  those  then  in  use,  and  tbe  chilled  cast-iron 
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shot  with  which  Colonel  Palliser's  name  is  identified  proved  to  be  for- 
midable aud  effective.  The  point  of  sach  a  projectile  was  sufficientlj 
hard  to  retain  its  form  under  impact  with  the  plate,  and  it  was  only 
necesBaiy  to  impart  a  modem  velocity  to  a  ahot  to  enable  it  to  pan 
through  the  wrooght-iron  armor  (A,  fig.  1,P1.  XXVI). 

It  soon  became  evident  that,  in  order  to  resist  the  attack  of  such  pro- 
jectiles with  a  plate  of  any  reasonable  thickuess,  it  would  be  necessary 
to  make  the  plate  harder,  so  that  the  point  of  the  projectile  sfaoald  be 
damaged  at  the  moment  of  first  contact,  and  the  reaction  to  the  blow 
distributed  over  a  conaiderable  area  of  the  plate.  This  objeet  should 
be  attained  by  either  using  a  Ht«el  plate  in  a  more  or  less  hardened  uod- 
dition,  or  by  employing  a  plate  with  a  very  hard  face  of  steel  and  a 
less  hard  but  tongher  back.  The  aatliorities  in  this  country  dnring  the 
dei-ade  1880-90,  had  a  very  high  opinion  of  plates  that  resisted  attack 
without  the  development  of  through  cracks,  and  this  led  to  the  prodoc- 
tion  of  the  compound  plate.  The  backs  of  these  plates  (B,  fig-.  I,  PL 
XXVI)  are  of  wrought  iron,  the  fronts  are  of  a  more  or  less  hard  variety 
of  steel,  either  cast  on  or  welded  on  by  a  layer  of  steel  of  an  interme- 
diate quality,  cast  between  the  two  plates.  Armor  plates  of  this  kind 
difler  in  detail,  but  the  principle  of  their  construction  is  now  geuerally 
accepted  as  correct. 

Sneh  plates  shown  by  the  Plate  B  resisted  the  attack  of  large  Pal- 
liser  shells  admirably,  as  when  such  shells  struck  the  plate  they  were 
damaged  at  their  points,  and  the  remainder  of  the  shell  was  unable  to 
perforate  the  armor  against  which  it  was  directed.  An  increase  in  the 
size  of  the  i)rojectiles  led,  however,  to  a  decrease  in  the  resisting  power 
of  the  plates,  iwrtions  of  the  hard  face  of  which  would,  at  times,  be 
detached  in  fiakes  Jrom  the  junction  of  the  steel  and  the  iron.  An 
increase  in  the  toughness  of  the  projectiles  by  a  substitution  of  forged 
chrome  steel  for  chilled  iron  (see  lower  part  of  Plate  B)  secured  a  vic- 
tory foi'  the  shot,  which  was  then  enabled  to  impart  its  energy  to  the 
plate  faster  than  the  surface  of  the  plate  itself  could  tran^iait  ttie 
energy  to  the  back.  The  result  was  that  the  plate  was  overcome,  as  it 
were,  piecemeal;  the  steel  surface  was  not  sufficient  to  resist  the  blow 
itself  and  was  shattered,  leaving  the  projectile  an  easy  victory  over  the 
soft  baek.  The  lower  part  of  Plate  H  (in  fig.  1,  PI,  XXVI)  represents 
a  similar  plate  to  that  nsed  in  the  Nettie  trials  of  I8SS.'  It  must  not 
be  forgotten,  in  this  connection,  that  the  armor  of  a  shii>  is  but  tittle 
likely  to  be  struck  twice  by  beivvy  projectiles  in  the  same  place, 
although  it  might  be  by  smaller  ones. 

Plates  made  entirely  of  steel,  on  the  other  hand,  were  found,  ijrior  to 
1888,  to  have  a  considerable  tendency  to  break  up  completely  wlieo 
strock  by  the  shot.  It  was  not  possible,  on  that  account,  to  make  their 
faces  as  hard  as  those  of  compound  plates;  but  while  they  did  not 
-*""*  the  Palliser  shot  nearly  as  well  as  the  rival  compound  plate,  tlifly 


vdingt  InatitutioD  Civil  Engltioers,  IS89,  Vol.  XCVItl,  pftge  1  et  aeq. 


THE   RARER   METALS   AND   THEIR   ALLOYS.  511 

offered   more  effective  resistance  to  steel  shot  (see  lower  part  of  Plate 
O,  ftg.  1,  PI.  XXVI). 

It  appears  tbat  Berthier  recognized,  in  1820,  tbe  great  value  of 
chrominm  when  alloyed  with  ironj  bat  its  nse  for  projectiles,  althoagh 
now  general,  is  of  comparatively  recent  date,  and  these  projectiles  now 
commonly  contain  fh>in  1.2  to  l.ft  per  cent  of  chromiam,  and  will  bold 
together  even  when  they  strike  ateel  plates  at  a  velocity  of  2,000  feet 
per  second '  (see  lower  part  of  Plate  D);  and  unless  tbe  armor  plate  is 
of  considerable  thickness,  snch  projectiles  will  even  carry  borstiug 
charges  of  explosives  through  it.  [Tbe  behavior  of  a  chromium-steel 
shell,  made  by  Mr.  Hadfield,  was  dwelt  upon,  and  tbe  shell  was 
exhibited.] 

It  now^  remained  to  be  seen  what  could  be  done  in  the  way  of  tough- 
ening  and  hardening  the  plates  so  as  to  resiist  the  chrome-steel  shot. 
About  the  year  1888  very  great  improvements  were  made  in  the  pro- 
ductiou  of  steel  plates.  Devices  for  hardening  and  tempering  plates 
were  altimately  obtoined,  so  tbat  the  latter  was  hard  enough  tbrongh- 
OQt  tbelr  substance  to  give  them  the  necessary  resisting  power  without 
such  serioQS  cracking  as  had  occurred  in  previous  ones.  But  in  1889 
Mr.  Hiley  exhibited,  at  the  meeting  of  the  Iron  and  Steel  Institute,  a 
thin  plate  that  owed  its  remarkable  tonghness  to  the  {>resence  of  nickel 
in  the  steel.  The  immediate  result  of  this  was  that  plates  could  be 
made  to  contain  more  carbon,  and  hence  be  harder,  without  at  the 
same  time  having  increased  brittleness;  such  plates,  indeed,  could  be 
water-hardened  and  yet  not  crack. 

The  Plate  E  represents  the  behavior  of  nickel-steel  armor.  It  will 
be  seen  tbat  it  Is  penetrated  to  a  much  less  extent  than  in  tbe  former 
case.    At  the  same  time  there  is  entire  absence  of  crocking. 

Now,  as  to  the  hardening  processes.  Evrard  had  develoi)ed  the  use 
of  the  lead  bath  in  France,  while  Capteiit  Tressider'  had  perfected  tbe 
use  of  the  water-jet  in  England  for  the  purpose  of  rapidly  cooling  tbe 
heated  plates.  The  iirinciple  adopted  in  the  design  of  the  compound 
plates  has  been  again  utilized  by  Harvey,  who  places  tbe  soft-steel  or 
nickel-steel  plate  in  a  furnace  of  snitable  construction,  and  covers  it 
with  carbonaceons  materia),  such  as  charcoal,  and  strongly  heats  it  for  a 
period,  which  maybe  as  long  as  one  hundred  and  twenty  hours.  This  is 
the  old  Sheffield  process  of  vementetion,  and  the  result  is  to  increase  the 
carbon  from  0.35  per  cent  in  the  body  of  tbe  plate  to  0.(!  per  cent  or  even 
more  at  tbe  front  surface,  the  increase  in  the  amount  of  carbon  extend- 
ing to  a  depth  of  only  2  or  3  inches  in  the  thickest  armor. 

Tbe  carburized  face  is  then  "chill-hardened,"  tbe  result  being  that 
the  best  cbrome-steel  shot  are  shattered  at  the  moment  of  impact, 
noleas  they  are  of  very  large  size  as  compared  with  the  thickness  of 
the  plate.    The  interesting  result  was  observed  lately '  of  shot  doing 
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lena  liann  to  the  plate  and  penetrating  less,  when  its  velocity  wu 
increased  beyond  n  certain  value,  a  resolt  due  to  a  saperiority  in  titr 
power  of  the  face  of  the  plate  to  transmit  energy  over  that  poeaeesed 
by  the  projei^tile,  which  was  itself  damaged,  when  a  certain  rate  wa 
exceeded.  At  a  oomparativelylow  velocity  the  point  uf  the  shot  woaltl 
resist  tt-acttire,  but  the  energy  of  the  projectile  is  uot  then  sofflcicnt  to 
perfurnt^'  the  plate,  which  would  need  the  attack  of  a  macb  larger  giu  , 
firing  a  projectile  at  a  lower  velocity.  i 

The  teiideiioy  to-dity  is  to  dispense  with  nickel  and  to  nae  oniiovy 
steel,  "harveyed": '  this  gives  -ixcellent  6-iDcb  plates,  bat  thete  is 
some  diBereuM'  of  opinion  as  to  whether  it  is  advantageons  to  oail 
uiokel  in  the  case  of  very  thick  plates,  and  the  problem  is  now  bong 
wttrked  oat  by  the  mediod  of  trial.  Probably,  too.  the  harveyed  platen 
will  b^much  improved  by  Jndicioas  fitsging  mftett  the  process,  as  indicated 
by  some  n'cent  work  done  in  America.  The  nee  of  chromiam  in  tbt 
pjateti  may  lead  to  iutere»tting  reenltE.  : 

Tnm  for  a  moment  To  the  Majatie  dass  of  ship».  the  coDstmetioa  of  | 
wliirli  we  owe  to  tW  geimis  of  Sir  Wilhaa  White,  to  whom  I  am 
indebtett  fi>r  a  ^«>'i)on  reprMieiiiing  the  ^xact  size  of  the  pootectioe 
aflitnled  to  the  iMirltette  of  the  M*i<*tic.  This  aertioo  vss  exhibitni 
and  i:-  ^bitvn  as  re«lm<«^l  lo  the  diagntaa.  fig.  2.  PL  XXVL^  Ho-  aiaor 
is  rtf  the  b;»rvey«.il  steel,  wh-oh  has  Li:berto  ptvved  siagalarijr  resistiii? 
W».;;i>»nji;ia)  prxV'^^t-"'^*^ 

la  '..;>  i4i  t;i>ti  a  rt  {^rri^x^is  a  14  iarh  karrvred  iUti  ai»ui  plate.  B 
a  i  -.r..V.  ;«Ak  KmV".;:.  C  «  l^i:i<-^  mwJ  p.xy^.  D  j-iuA  stod  fraaes. 
*:>.',  F  J  -,:,.i  jit**;  ;—.  res. 

It  »-.".l.  1  r;.;>»..  y.Kxy-  ;*fa  tx-c.fr't  7hiS  Twv  rtf  ike  rmr  a 
n.:.:ii,  :»  t^:e  ;.r,>  ivr.'-(*  *:  .i  t.j;  ktC  ii.  tfae  i 

m  •;.  .-Tjir.:  :«An  :'.  -■"  i.>,:i  -i.*;  .i.-M-jiafs.;  a»c  ii  1  «T*r  ienxi*  to  yoo 
ack  :-  :>  'T'»>  V  >'>sn  .-V  ).c  me  TV'^^Kvtrc  simfiar  tricBjte  iior  Bolyb- 
o:-:  cii>.  T  '-^.^.'.ir..  va:>».'..i:it..  aW.  ^:)X7s  i/  tbeM-  isS.  nnr  ^fffals 

;:«?<  ^^  *!...:;.;■:  J-.'  t.  J.r  »l...-i:  I  an  .niifiHf^  t*.  Hi,  HadlicU.  It 
is  7.'<i  1.  I  ,"4-.^  «  1.  -■  7«:  c-t:  •<:  i.<  k«C,  loic  H>qitiBMai  ha^ihova 
Till.-  2s.;-i>r;  t>  T«;ni.i.'it-i  ii  T»v.ii,"<>t  i  r  t -jtK  p«tii  '\'v  am  tifxts^an 
K  t.  ^Jti  :vn :  i.n  •■:   — ;*''"ri.i.i   li^,  :!•<  luit'*    t:znmais^  xs  Air  it^tpen- 

ff-.;iIiti-->   Sfj-ai    it'f.  .■!:*>',  »T1  Siiun   ,'.  (I.M    l/Ofc.  <t:  sari  UU^Ai  ?OM-^  KW, 

T-i  un  ,-'■:  —  >i  ?^^  »■  :i.  ■,t'i  <-.  nt'i-.,  liii—  ta;-:  ziita  ::  flac^  ashjiwiv 
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amarkable  [troperties;  in  fact,  as  bo  tok)  uie,  if  imturu  Iiatl  properly 
nclersixxxl  MeDdel<^ef  this  alloy  would  really  liavo  beeu  an  t'lvment. 
..8  reganls  tbe  electrical  properties  of  alloys,  it  is  iinpossiblo  to  say 
'lint  services  the  rarer  inetala  may  notreuder;  and  I  would  remind 
oil  tbat  "platinoid,"  mainly  a  nickel  copper  alloy,  owes  t«  the  presence 
f  a  littlo  tungsten  its  peculiar  property  of  having  a  high  electrical 
esistaiice  which  docs  not  change  with  temperature. 

One  other  instance  of  the  kind  of  influence  the  rarer  metals  may  be 
<xi>eGted  to  exert  is  all  that  time  will  permit  me  to  give  you.  It  relates 
o  their  iudnence  on  aluminum  itself.  You  have  heard  much  of  the 
uloption  of  aluminum  in  such  branches  of  uaval  constrnctiou  as 
lemaiid  tightness  and  x>ortabiIity.  During  last  autumn  Messrs.  Yar- 
-ow  completed  a  tori)e<lo  boat  which  was  built  of  aluminum  alloyed 
K-ith  G  per  cenl  of  copper.  Her  hull  is  SO  per  cent  lighter  and  she  is 
ii  knots  faster  than  a  similar  boat  of  steel  would  have  been,  and,  not- 
withstanding her  increased  speed,  is  singularly  free  from  vibration. 

Ller  plates  are  one-tenth  of  an  inch  thick  and  one-sixth  of  au  inch 
where  greater  streuifth  is  needed.  It  remains  to  be  seen  whether  copi>er 
IK  the  best  metal  to  alloy  with  aluminum.  Several  of  the  rarer  metals 
have  already  been  tried,  and  among  tliem  titanium.  Two  per  cent  of 
this  rare  metal  seems  to  confer  remarkable  proiwrtiea  on  aluminnm, 
and  it  should  do  so  according  to  the  views  I  have  expressed,  for  tbe 
cooling  curve  of  the  titauiam-aluminnm  alloy  would  certainly  show  a 
high  subordinate  frceziug  point,    (Fig.  '-i,  PI.  XXVI.) 

Hitherto  I  have  ap^iealcd  to  industrial  work  rather  than  to  abstract 
science  for  illustnitions  of  the  services  whicli  tbe  rarer  metals  may 
render.  Oue  reason  for  this  is  that  at  present  we  have  but  little  knowl- 
edge of  some  of  the  riirer  metals  apart  from  their  association  with  car- 
bon. The  metals  yielded  by  treatment  of  oxides  in  theelectric  arc  are 
always  carburiKcd.  There  arc,  in  fiict,  simie  of  the  rarer  metals  which 
we  as  yet  can  hardly  be  said  to  know  except  as  carbides.  As  the  fol- 
lowing experiment  is  the  last  of  the  series,  I  would  express  my  thanks 
to  my  assistant,  Ur.  Stansfleld,  for  the  great  care  he  has  bestowed  in 
oriler  to  insure  their  success.  Here  is  the  carbide  of  calcium  which  is 
produce<l  by  heating  lime  and  carbon  iu  the  electric  arc.  It  iiossesses 
tcrent  chemical  activity,  for  if  it  is  placed  in  water  tlio  calcium  seizes 
tlie  oxygen  of  the  water,  while  the  carbon  also  combines  with  the 
hydrogen,  and  acetylene  is  the  rcsnit,  which  burns  brilliantly.  [Experi- 
ment shown.]  If  the  carbide  of  calcium  be  placed  iu  chlorine  water 
evil-snielliug  chloride  of  carbon  is  formed. 

In  studying  the  relations  of  the  rarer  metals  to  iron  it  is  im[>ossible 
to  dissociate  them  from  the  iuHuence  exerted  by  the  simultaneous 
■■resence  of  carbon;  but  carbon  is  a  protean  element — it  may  bo  dis- 
iiolved  in  iron,  or  it  may  exist  in  iron  in  any  of  the  varied  forms  in 
which  we  know  it  when  it  is  free.  Matthiessen,  the  great  nnthority  on 
iilloya,  actually  writes  of  the  "tarbou-irou  alloys."  I  do  not  hesitate, 
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Urr-f'nrK  in  '..>»  ;r»iiKt  -.utT  ttr-  ^aii'rKT  jiuri::  Mmvar  !*•  br  vilbiia: 
.•J»  ^iii.a*  ■<'  .f  -.-.-  ir  ji.'.  fr'.in.-i*  -MUiE  It  •a* oCMT resalt  vbirii 
i;^    i^pJl   ir.'k.r---^i    1-   'jf.   jbxnAMi.     Hr^n  ^  k       u^MBl  of  pig  'mn 

vwi  uut  •;ini  u>  uiTii^i  au^A  Mubifa.'7.  3r«dec:khri7  br  planing  it 
t\-A  »n>-^n  f^a*:.  'MS  .-m  ■'.:i,}itaiL*  ta  4m.>LicUkm.  asd  tbe  Gtt> 
«!MN  *  •^r-^m0:  •>-.>. ii  as  .r>  wt'Im^  »,^'i.  vi.1  nioaart:  bat  whOL,!" 
*>\.'v.  -■«*  ■<:,.     1 ;..;  niiMi  .3  -it»  .  1 -jtri.c  <w.^  ::  expands  agwnst  tl» 

*r.fi.  »  •.a"  '.•'  -a.-.n.-.»i  .•  n  la  3-tr-<ir»i  :■>  which  chbirate of  pota^ 

»*a*Vrf-f;;  f.r»5*:  *..*  ?"-; >e  ».-s  •■aa.-O:  [•ocksii.  mbcuit  it  l«>  tlieiim 
\i/\.xr'\  A'f.^%  I,'.  ,.j-iT;r:~.^irir:  ae.'L  t^*rn  to  l>oil:D£  imlphoric  aeid.sihl 
r.r.;i.>>  f.-iM;  ,t  '«.'b  ffff^-h  t»  nrn.ovr  any  Uaotss  of  carbide  of  silicai. 
Wi'l  /-'N  ii«''^<^»r'frr(i  !^^  Ifil  io  •(«  form  of  duicoiHls. 

If  y 'til  «iil  ftoCcci-M-t  iiriwrt;  I'M)  DiQcb  1  vill  dbow  yoo  somd  dbiiiMOdF 
f  Imv  \tf\i'*tt^i  \fj  *itH':tly  f'/1l<*«i[is  tbe  ilim-tioos  or  M.  Moissan.  A.- 
h*-.  fMiinr*  <riit,  tii'rv;  diani(?niJn,  Ireiiig  prodnced  aiider  stress,  are  not 
mil  )f  fly  wiilioiit  a<;tionon  {Mlarized  ligbt,  and  they  have  sometimes  the 
ftliitfiittir  |(ro|M;rly  of  flying  to  pieces  like  Ka|N;rt'ii  drops  when  they  an 
wmuU-A  HH  )ir('|ianitionH  for  the  microscope.  (Tlic  images  of  man; 
Hriiiill  H|i«fi;)mMiH  vn:i*:  prq)«4;te4l  on  tbe  screeo  from  the  mJcro8coi>e,  ami 
llu  'l|  K,  I').  XXVI,  HhowH  a  sketch  of  one  of  these.  The  largest  di>- 
iitfiiiil  yul.  |>nHhKKMl  Ity  M.  Moissiui  is  U.u  millimeter  in  diameter.] 

A  (IIK'  I,  I'l.  XXVI)  represents  tbe  ronnded,  jiitted  surface  of* 
illiiiiioiiil,  niid  l(  u  crystal  of  diamond  from  Che  series  prepared  byH. 
MiilMi>iiri,<lriiwlMgn(ir  which  iUustritte  his  paper.'  The  rest  of  tbe  upeei- 
niiMiH,  II  III  li',  wore  (ibtaiiied  by  myself  by  the  aid  of  his  method  as 
Hliiivt'  iIkhi  rllxxl,  0  rcprctteuts  a  dendritic  growth  apparently  com- 
)iiiMi>il  of  lirviiuiHiiil  iiliiU<s  of  graphite,  while  J>  is  a  sjiecimeu  of  mach 
liiti'irMi,  UN  It.  it))|Hiur(4  to  be  ii  hollow  sphere  of  graphitic  carbon,  i>ar- 
I  litll.v  oi'dmIiih)  In.  SiioU  e\aui|>les  are  very  numerons,  and  their  sorfacee 
tiivtxiVi'ttHl  with  iiilniite  nuuul  graphitic  pits  and  prominences  of  grett 
111  llliHm-j .  8|HM'fn«m  K  (whioh,  jia  already  stated,  was  ooe  of  a  aenes 
Hlttt\«ii  tuthv  HiultonM'l  1a  »  broken  crystal,  probably  a  tetrahedron, and 
IM  tht'bfwUnvHtMHi'rtl  »|HH-luienof  diiuuond  I  have  as  yet  sncceeded ia 
l«vi>.m»n;.  Miiitilv  thiUHomls.  sintiliir  to  A,  may  be  readily  produced, 
Miut  I'lUli.ml  lV,»BmMUj^  with  th(>  laminar  stnietiire  shown  in  F.aw 
rtU,nMU>u  iw(  \mH*,  I 

H^^^  vUv-i^  rt'>*>v'n»t»\i»i  nt'  i)w  rHt>'t  iH«^»ki  aiid  earbon  and  their  mti-    I 
Mi^iv  u4*Ux'"«  w>\h  tvAiK'H.  \»hv«i  they  an*  hidden  with  it  in  irtMi, 
ixw^KKM  H.^^  (V.  iviw  to  il.^'  t-rvy!-.iv;:,.tt  .-^  (b«  dtuuond.  a^  afford  a 
K*.nw  <'o  ;v-.'x  I -ftv^V, ,-Vc  ::  n^ovla^ws.    Tbewtelale 
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into  brilliant  diaiuoiid  are  received  with  appreciative  interest;  bat,  ou 
the  otlier  hand,  the  vast  luiportauce  of  eS'ectiiig  similar  molecular 
chaoses  in  metals  in  ignored. 

We  may  acknowledge  that  "no  nation  of  modern  times  has  done  so 
much  practical  work  in  the  world  as  ourselves,  none  has  applied  itself 
HO  i^ouspiciionaly  or  vith  such  conspicuous  success  to  the  indefatigable 
pursait  of  all  those  branches  of  human  knowledge  which  give  to  man 
his  mastery  over  matter. "'  But  it  is  typical  of  our  peculiar  British 
method  of  advance  to  dismiss  all  metallurgical  questions  as  "iiidnstrial,'' 
au<l  leave  their  consideration  to  private  enterprise. 

We  are  fortunately  to  spend,  I  believe,  eighteen  millions  this  year 
on  our  navy,  and  yet  the  nati'>u  only  endows  experimental  research  in 
all  branches  of  science  with  £1,000.  Wo  ri^'htly  and  gladly  spend  a 
million  ou  the  Magnijiceat,  and  then  stand  by  while  manufacturers  com- 
pete for  the  privilege  of  providing  her  with  the  armor  [>lat«  which  is  to 
s;ive  her  from  disablement  or  destruction.  We  as  a  nation  are  fhlly 
holding  our  own  in  metallurgical  progress,  but  we  might  be  doing  so 
much  more.  Wliy  are  so  few  workers  studying  the  rarer  metals  and 
their  alloysT  Why  is  the  cmcible  so  often  abandoned  for  the  test  tube! 
Is  not  the  investigation  of  the  properties  of  alloys  precious  for  its  own 
sake,  or  is  our  faith  in  the  fruitfulness  of  the  results  of  metallurgical 
investigation  so  weak  that,  in  its  case,  the  substance  of  things  hoped 
for  remains  unsonght  for  and  unseen  in  the  depths  of  obscurity  in 
which  the  metals  are  leltl 

We  mnst  go  back  to  the  traditions  of  Faraday,  who  was  the  first  to 
investigate  the  influence  of  the  rarer  metals  upon  iron,  and  to  prepare 
the  nickel-iron  series  of  which  so  much  has  since  been  heard.*  He  did 
not  despise  research  which  might  possibly  tend  to  useful  results,  but 
joyously  records  his  satisfaction  at  the  fact  that  a  generous  gift  from 
WoUaston  of  certain  of  the  "scarceand  more  valuable  metals"  enabled 
him  to  transfer  his  experiments  from  the  laboratory  in  Albemarle  street 
to  the  works  of  a  manufacturer  at  Sheffield. 

Faraday  not  only  began  the  research  I  am  pleading  for  to-night,  bat 
he  gave  as  the  germ  of  the  dynamo,  by  the  aid  of  which,  as  we  have 
seen,  the  rarer  metals  may  be  isolated.  If  it  is  a  source  of  national 
pride  that  research  should  be  endowed  apart  from  the  national  expendi- 
tnre,  let  us,  while  rememliering  our  respousibilities,  rest  in  the  hope 
that  metallurgy  will  be  well  represented  in  the  laboratory  which  pri- 
vate munificence  is  to  place  side  by  side  with  our  historic  Royal  Insti- 
tution. 

■TheTimea,  FebraBry22,  18!)e. 

'Id  (be  developmeot  of  tlie  at"  <>{  thuau  iilluys  the  tjoci6t4  Ferro-Nicltul  and  Lee 
UaiDw  da  Creuzot  deserve  Hpeciul  il 
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MtFlLIMlNAllY    ACCOUNT    OV    AN    EXi»EDITION    TO    THE 
PUEBLO  KIJINS  NKAU  WINSLOW,  AUIZOSA,  IN  imv 


By  .1.  WALTKB  fKWKKS. 


ITINBBAEY,   PERSONNEL,    AND   OOLLK<!TtONS   OF   TDE   EXPEDITION. 

The  arcbinologifiil  expcilitioii  niider  my  clinrge,  scut  out  by  tbe 
Bnreau  of  AniericiUi  Ethnology  of  tlie  SmiUisoitiati  Iiifllitutioii,  in  the 
summer  of  ISOO,  l)e;;an  work  at  Winslow,  Arizona,  on  Jniie  2nd.  An 
exploration  witR  first  iiiiwlu  of  a  niiii  cstUetl  by  the  Ilopi  Iiidtaiis  IIouio- 
lobi,  sitiiatt^Ml  3  miles  from  that  town,  near  Punnet  Crossing  of  tlie 
Colorado  Cliitgnito  River.  I  disitovercd  a  ni-coiid  niin  3  mites  north  of 
Hoiiiolobi,  on  tlie  same  side  of  the  liver,  and  on  the  h^ft  hank  a  small 
claster  of  houses  abont  4  miles  from  Winslow,  near  the  site  of  a  Mor- 
mon town  (now  abandoned)  ealletl  lSri(;ham  City.  I  likewise  visited  » 
fourth  rnine<l  pnoblo  i>  miles  from  the  railroiul,  on  the  left  bank  of  the 
Colorado,  north  of  Winslow. 

At  the  close  of  June  the  seat  of  explorations  was  moved  to  a  rnin 
near  llaniy,  Arizona,  abont  15  miles  east  of  Winslow,  on  the  left  bank 
of  Chevlon  Creek  near  whore  it  empties  into  the  Colorado  Chiqaito. 
Uaving  niadc  extensive  excavations  at  that  rnin,  we  went  to  Chaves 
Pass,  between  30  and  40  miles  abont  southwest  of  Winslow,  i-losiug  the 
month  of  Jnly  at  that  place.  81ii]iping  tbe  colleetion  which  had  been 
obtained  from  titese  three  niins  to  Washington  at  the  ^^lose  of  July,  we 
went  to  the  Middle  Mcsn  of  Tusayan,  where  we  arrived  on  the  3d  of 
August,  and  immediately  bef^au  work  at  tbe  ruin  of  Old  Cunopavi. 
At  the  earnest  entreaty  of  Xa<nhiptewa,  thief  of  the  pueblo  Cnfiopavi, 
my  work  on  the  cemetery  of  Old  Cunopavi  was  given  up  at  the  end  of 
two  days.  We  then  moved  to  Walpi,  prospected  tbe  ancient  site  of  that 
pneblo,  called  Kinakobi,  with  a  view  to  renewed  exploration.  I  also 
made  a  reconnaissanee  in  a  reporte<l  prehistoric  home  of  tbe  Kateina 
people,  called  Katcinaba,  sitnate<l  about  3  milea  from  Sikyatki,  but  for 
variona  reasons  we  were  led  to  abandon  archaological  work  for  the 
sammer  with  the  exi>erienccs  at  Cnnopavi.  We  therefore  set  ourselves 
to  the  solution  of  certain  ethnological  jtroblems,  and  the  collection  of 
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material  illORtrating  obacnre  pointa  of  modcni  Hopi  life.     I  attended 
the  Flate  ceremooiea '  at  Walpi  and  MiconinoTi,  aaw  the  ^lake  <i 
at  Oraibi,  CaiiopaTl,  and  Cipanlori,  wbich  had  never  beeD  wiD 
b;  etbnolt^ste,  and  left  Tnsayan  at  the  close  of  Aa^nat. 

After  visiting  Zani  we  went  to  Isleta  and  Sandia,  made  a  trip  b< 
Teoaki,  and  retamed  to  Washinetoii  Se[ttember  'HSrd. 

I  waH  accompanied,  dnring  my  explorations,  by  Dr.  Walter  Hoo^ 
of  the  National  MaKenm,  to  whose  valuable  aid  mnch  of  the  sncccas  of 
the  expedition  is  dae. 

It  was  sdvantatceoas  to  hire  for  laborttH  both  Mexicans  and  Maiki 
Indians,  but  the  Tatter  only  wera employed  on  the  reservatioB,  ibr  obvi- 
ODH  reason.  While  nnaccnstomed  to  hard  labor,  and  physirally  nnable 
to  do  as  much  in  a  day  as  a  white  man,  tbe  Indians  were  &ithiBl 
laborers,  and  the  yoaug  men,  especially  those  from  the  East  Mesa,  art- 
aiixioQB  for  employment,  not  lazy,  bnC  willing  to  do  their  best. 

I  found  Mr.  Peter  Stanffer,  formerly  indastrial  teach«'  in  tbe  Moki 
School,  exceiitioually  well  fitted  for  camp  duties;  and  to  the  energy  of 
Mr.  J.  Bargeman  is  doe  the  great  amonnt  of  manual  work  ac«omplid>ed 
by  excavations. 

An  esact  enomeration  of  the  specimens  collected  is  not  iiossibie  at 
this  time,  but  iiiy  field  catalogue  has  over  1.7U0  entries,  in  addition  to 
which  there  are  fully  501}  more  objects.  Probably  the  whole  namba-  of 
specimens  added  to  the  Hn.seani  by  the  expedition  of  189t;  will  not 
fall  far  short  of  2,500  objects. 

The  natare  of  this  varied  material  is  both  ethnological  and  arcbao- 
logical,  the  latter,  of  conrse,  largely  predominating.  The  ethnolt^cal 
sjiecimcDS  were  gathere^l  from  Waipi,  Zoili,  Isleta,  Sandia,  and  Tesnki. 
Among  these  may  be  mentioned  a  namber  of  objects  purchased  at 
Santa  Fe,  illustrating  the  4rondition  of  the  mis8i<«s  of  tbe  Rio  Grande 
Pueblos  in  the  seventeenth  and  eighteenth  centuries.  This  collection 
iiiclndea  paintings  on  buffalo  and  other  skins,  mnral  ornaments,  crosses, 
and  the  like.  Althougli  small,  when  added  to  the  few  already  in  tbe 
Mnseoni  they  make  a  fair  beginning  of  a  collection  illustrating  the 
mutual  influence  of  aboriginal  and  Christian  art  among  the  Paeblo& 
Noteworthy  among  these  spechneus  is  a  painting  on  skin,  &om  the 
walls  of  an  old  mission,  in  which  the  figure  of  a  saint  is  represented 
ill  a  clowl  fn)m  which  descends  parallel  lines  symbolic  of  falling  raJir. 
jiihI  a  picture  of  the  Urucifi\iou  on  a  slab  of  wood,  the  edge  of  wliich 
is  <-Ht  in  the  form  of  a  terraced  rain  cloud. 

l>r.  Ilnugb.  at  my  sngge-stiou.  collectul  a  considerable  heibariam, 
illusiniling  llopi  medicinal  and  allinentary  plants,  obtaining  tlietr 
nl^riginal  names  He  likewise  made  »  collection  of  fossils 

The  KlKWrvalionti  have  Iwvn  pnbTisbed  in  an  article  entil1«d, 

•  nB-Mironiw*'  yi  ^"e""-  *'"^^  '-""•■  I'*'*- 

.  x%i-  n«i>l*»  l"^'  ^  nrricl^  Pniitl<H].  '-The  Uopt  in  Relstion  to 

t^,  IHrtl  Knvin.n.  Feb.,  isi7. 
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'rom  the  formation  iiitderlying  tlie  Middle  Mesa  of  Tasayau,  which  irill, 
t  in  hoped,  »hed  light  ou  obscure  poiuta  in  Tnsayaa  geology. 

Xhe  archxological  material  consists  of  a  large  collection  of  ptehU- 
torit;  jiottery  of  many  dilfereut  forms,  colors,  and  degrees  of  excellence, 
"(tone  implenieots,  basket  ware,  cloth,  jewelry,  pigments,  and  sacred 
piiritpherualia,  the  minority  of  which  are  of  a  mortuary  chariicter. 

The  series  of  skulls  which  were  collected  numbers  eighty,  whicb  is 
tlte  largest  assemblage  of  somatological  material  ever  mode  from  the 
mined  pueblos  of  the  Colorado  Chiquito.  The  close  resemblance 
betvreen  the  skulls  of  the  ancient  Cibolans  and  those  of  the  accolents  of 
tlie  O-ila-Salado  has  been  commented  on  by  others.'  The  modern  llopi, 
bowever,  approa<^h  more  closely  to  the  former  inhabitants  of  the  Oila 
Valley  in  their  craniometrtc  features  than  do  the  modern  Ziinis.  The 
liirge  collection  of  skulls  from  Chaves  Pass  affords  aboudaiit  material 
for  the  solution  of  an  important  qoestion,  and  when  properly  "worked 
ap"  will  shed  light  on  the  relationship  of  the  Pueblos  to  the  Oila  and 
Salt  tiiver  tribes. 

We  recognized  that  it  would  be  instructive,  in  view  of  the  agrical- 
tnral  life  of  prehistoric  Pueblos,  to  know  something  of  the  animals, 
domestic  and  otherwise,  by  whicb  the  ancients  were  surrounded,  or 
those  which  they  honied  and  used  for  food.  For  the  purpose  of  answer- 
ing tbis  question  we  carefully  gathered  all  bones  of  animals  found  in 
excavating  the  rooms  of  Homolobi,  especially  those  associated  with 
undoubted  prehistoric  material.  This  uniqae  collection  grew  to  con- 
siderable size,  and  will  furnish  material  for  a  special  article. 

In  addition  to  objects  I  collected  iibundant  notes,  photographs,  and 
druwings,  gathering  data  for  elaboration  into  special  articles.  I  have 
been  able  to  fill  several  gitps  in  my  knowledge  of  the  intricate  Tusayan 
ritual,  esi>ecially  the  secret  rites  of  the  Snake  dances  at  Gipanlovi, 
Oraibi,  and  Gufiopavi.' 

SCOPE   AND   AIM   OF   THE   EXPLORATION. 

The  primary  object  of  my  expedition  was  a  collection  of  prehistoric 
material  from  our  Southwest,  and  in  pursuit  of  this  end  I  was  able  to 
continue  tiie  lines  of  investigation  inaugurated  iu  tlie  sinnmer  of  1895. 
I  am  attempting  to  follow  an  arclnfological  base  line  from  the  inhab- 
ited pueblos  of  Tusayan  to  the  ruins  of  the  (iila  and  Salatio  watershed. 
Broadly  considered,  the  goal  before  me  is  to  determine  the  origin  of 
the  southern  conii>onent  of  theMoki  Indians,  and  the  si>ecial  aspect 
of  that  problem,  which  I  considered  in  the  summer  of  ISOO,  was  tt\ 
investigate  by  archa'ological  methods  the  claim  of  the  Patki  family 
that  their  ancestors  lived  near  Winslow  and  at  Chaves  Pass. 

'  Jooni.  Amer,  Eth.  and  Arrli.,  Vol.  III..  No.  2. 

'Thia  mat«riii1  wiw  ptibliobed  iu  tUe  Sixteeutli  Aunnul  Report  uf  chi'  Ititreaii  nf 
Americau  KUiuulogy . 
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Tbe  mined  poeblog  near  Winelov  are  called  by  the  traditionalist 
be«t  verted  in  tlie  story  of  the  migratioD  of  tbe  Patki  family  by  the  name 
Uomololji.  UDfortaiiately,  no  known  object  of  aboriginal  raanafiictare 
bad  ever  been  obtained  from  this  vicinity  by  tbe  archn'ologist,  and  on  my 
arrival  at  the  town  I  found  little  eDoonragement  that  I  slionld  be  soy 
more  Kuccesxfnl,  for  tio  one  there  knew  of  any  ruins  in  the  netghborboMi 
of  the  t^iwn  save  tlio8eof  the  Mormon  settlements,  Brighani  and  Sanaet 
City.  A  few  days'  explorations,  however,  showed  that  Win^ilow  is  oae 
of  the  best  iwiiits  fur  arcbieological  studies  in  tbe  ]>nebloarea.  By  the 
aid  of  Ilopi  workmen  we  discovered  Ilomolobi,  from  which  were  taken 
Heveral  hundred  most  beautifnl  objects  of  prehistoric  handiwork.  Hav- 
ing, as  1  believe,  suceeKHfulIy  demonstrated  that  tbo  legend  that  tbe 
Patki  or  some  other  Moki  family  formerly  lived  near  where  Winslow 
now  standK  was  true,  it  was  desirable  to  extend  cxplorationa  still 
I'arthiir  south.  Although  this  family  once  lived  at  Homolobi,  that 
puoblowasoitlyonc  of  their  homes  in  their  northeru  migration.  Earli^ 
In  Mieir  lli^<to^y,  it  is  claimed,  they  came  from  far  to  the  south.  Tbe 
ruins  of  Ibrmcr  halting  places  must  be  searched  for  in  this  diroc^tion. 
I  liiul  in  tliiH(|U0Rt  alHo  traditions  to  guide  me,  even  the  trail  indicated. 
In  Mie  olil  times,  u|i  to  the  present  generation,  in  their  trading  visits  to 
tlio  I'imas  Iho  llojti  took  the  trail  through  Oliaves  Pass,  an  available 
one  for  lliem  fo  cross  the  rugged  malpais  of  the  Mogollonos.  I  followed 
this  trail  from  llomotobi  to  the  pass  and  examined  ruins  wbicli  bad 
Ih'ou  ro|»ortod,  studying  their  evidence  of  Hopi  kinship.  Theresnlts 
eimllrmcd  traditions,  and  will  be  dcvclopecl  Inter  in  this  reiwrt. 

Tlie  ruin  at  Ohevlon  was  excavated  with  the  hope  of  adding  new 
data  to  aid  in  au  intclligetit  interpretation  of  the  resemblances  between 
Hiicit'iit  Hop!  and  Xiini  cultures,  which  are  regarded  as  practically 
idciitieal.  It  had  long  Ih'cu  my  belief  that  the  difl'ercntiation  of 
Tnsayaii,  /ufiian,  Kcrcsjtn,  and  Tanoan  as]>ects  of  pueblo  cultures  is 
of  UHMlcrn  origin,  and  that  in  no  very  ancient  times  resemblaiices 
Ih'Iwwu  them  were  gm)tcr  than  to-day.  Manifestly  this  question  c*d 
not  W  pro|H->-ly  unsw  ciihI  sjive  by  a  knowle<lgc  of  objects  from  ancient 
niiiiH.  The  nwn  at  t'hevU.n  is  sitnati^d  alwut  the  same  distance  from 
ZuiM  pueblo  as  fi-om  Wjilpi.  and  its  former  inhabitants  might  easily  be 
ivliitwl  to  (he  ancestors  of  Ix^Ih.  The  llopi  claim  it  as  a  home  of  their 
tinvfathors,  and  it  slumld  nol  1h>  re^';mle<l  as  strange  if  the  ZunLs  do 
tin*  !«iini\  for  imb-tHl  U.tli  ni.iy  l>e  ii,uht.  The  ancestors  of  both  were 
intimately  ivI.iUhI  in  their  onliun>:  tmt  we  can  not  tell  how  close  tbe 
ancient  lU-tii  weiv*     '  -'nr  Zufii  until  we  know  8on>ething definite 

aU'nt  U'th.' 

As  a  rule,  the  1  pucbW  of  tbe  nlley  of  the  Little 

tVItxado  wen»  t>!!  le  tl  vie^e  of  the  lnta-8aIado  drainage 

Ifc.n-  i»,i  .'.,«-i  !■  ■.■:■■,- ,-r      »'-  -'ts  Inn' lb>-rWvh4  rains 
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aren  were  of  Btoue  nnd  clay;  stone  wiis  used  in  tbe  u]iper  part  of  the 
river  nnd  its  tributiiries,  and  pressed  clay  in  the  great  plains  of  the 
lower  Gila-Salado.  The  mine  of  the  Verde  Valley,  the  nntural  pathway 
between  these  two  rcgionx,  are  of  stone.  I  have  elsewhere  claimed  that 
tlio  character  of  aboriginal  pueblo  buildings  in  our  Southwest  is  deter- 
mined by  the  geological  environment.  It  would  give  strength  to  the 
uTgnment  could  we  find  instances  where  the  same  people  who  in  rocky 
pliu-eH  built  homes  of  stone  constructed  clay  houses  in  plains  where 
stone  failed.  Between  Ilomolobi  and  modern  Tusayan,  followiug  the 
Liitllc  Colorado,  the  river  winds  through  level  plains  where  stones  for 
bnilding  material  tail,  tbe  nearest  rocks  being  several  miles  from  the 
river  banks.  Following  tbe  right  bank  of  the  stream  for  some  distance 
OH  my  way  from  Honiolobi  to  Tusayan,  we  narrowly  scanned  every 
evidence  of  former  aboriginal  occupation  for  evidences  of  ruined  build- 
iogs  of  adobe.  At  several  points  there  were  moands  of  ancient  pueblos 
in  which  no  stone  wa.s  used  in  the  construction  of  tbe  walls,  although 
they  wore  thickly  strewn  with  fragments  of  pottery.  It  will  probably 
be  found  tliat  there  were  several  small  mlobe  pueblos  along  tbe  banks 
of  the  Colorado  between  Ilomolobi  nnd  tlie  Crossing,  wherever  the 
Vidley  broadens  into  a  plain. 

With  tills  general  sketch  of  the  scope  of  my  work,  let  as  pass  to  a 
8]>ecial  consideration  of  the  four  ruins,  Ilomolobi,  Cakwabaiyaki,  TcUb- 
kwitcalobi,'  and  Old  Canopavi,  which  were  studied  by  my  party.  The 
first  three  are  far  south  of  tbe  Moki  Kescrvation,  although  ancestrally 
situated  in  Tusayan.  Itonghly  speaking,  tbe  pueblo  at  Chaves  Pass 
was  about  halfway  bi'tween  Ihe  Moki  lown,  Walpi,  and  the  great 
buildings  near  Temi>c  nnd  I'hii'uix.'  Tlic  distitnce  of  the  Chevlon  ruin 
(torn  Zufii  is  about  the  same  iis  from  Walpi. 


There  are  no  less  than  fonr  extensive  ruins  within  (t  miles  of  Winslow, 
Arizoim,  near  to  or  remote  from  tho  banks  of  the  Little  Colormlo.  All 
of  these  arc  claimed  by  the  Ilopi  as  dwelling  places  of  their  ancestors. 
The  nearest,  and  that  e»pocia11y  studied,  is  •'{  miles  awtiy  and  wiis  a 
pueblo  of  considenible  nIxo,  situated  on  the  plain  of  the  right  bank  of 
the  river,  which  has  in  fi-eshots  overflowed  its  banks  and  washed  away 
a  i«)rtinn  of  tbe  walls.  It  is  separated  from  the  present  right  bank  of 
the  stream  by  a  level  river  bottom,  in  which  now  grow  stunted  cotton- 
woods  and  other  trees. 

The  mounds  of  this  rnin  exhibited  no  evidences,  when  we  began  work, 
of  rooms  above  ground,  allhongb  I  was  told  that  in  comparatively  recent 
times  it  had  walls  rising  to  a  considerable  height,  and  that  the  Mormons, 

ifhe  nnmos  rhoscn  l»  <le»igii:itj>  tlio  ruins  at  the  Chuvjim  niiil  Chnves  Paan  nro  of 
Hopl  etyinology,  lint  rot  nocossarily  tlio  inily  orbh  npplioil  by  thuni  to  thi-HP  ancient 
pii<'bl<«.  Cnkwaliniyo  is  n  name  applied  to  Charlou  Creek,  and  Toiibkwitoala,  Ante- 
lopeNotcb,  to  C'bavex  I'Ma. 
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:ii  ba.'i' :'ii^ SsBBH  C:TT. a  ii  ilf  avaT. b«Mnr in mmK. milued the  staocE 
from  tliii-  ruiu  Itjr  tktKT  bnildin^  Althoo^  the  «alls  above  gniaiid 
bare  been  vbollr  dwfavjred.  tW  adi-oolored  Htooads  indieatini;  the 
mill  are  readilr  w«b  froa  a  eottiiadcrable  digfnce.  Tbe  original  |taebta 
jil^MauY  t'<  kaT«  been  of  rtnetan^nlar  Biia{«.  with  inclosed  plazafi  ovtr- 
bx^eil  1*5-  BK*re  tliaa  r^iugle-staried  rooms  on  tbe  cast  side. 

Tbe  Mieoiid  rain,  vbieh  is  refietred  lo  tbe  Hoaolobi  grmt)).  lies  aboat 
3  ntiku  beyoud  tbe  first  uh)  ob  tbe  eanie  aide  of  the  river,  but  U 
Re{iiiirated  mfDje  distance  froB  its  rigbt  bank.  Tfais  paeblo  is  much 
larger  thau  eiiber  of  tbe  others  and  entvns  a  high  mesa.  The  walU  of 
tbe  rectaiipilar  nmmE  are  ftill  clearif  disoemible  above  the  sarCace 
of  tbe  ground,  and  iu  MNoe  |tla(«s  even  vooden  bvams  are  still  in  places 
Tbi«  rain  would  veil  rejAy  excavations,  bat  iti*  distance  from  water 
deterred  me  from  nodertakiDg  tbem.  and  other  advantages  presented 
by  tbe  former  min  so  far  ootweighed  those  connected  with  this  tfaat  I 
attempted  only  a  da^  *h  work  at  this  place. 

A  third  ruin  of  the  llomolobi  group  is  situatedon  the  left  bank  of  the 
river,  jnttt  beyond  the  site  of  old  Brigham  Cit}'.  The  penodically  swolko 
<.'olora<lo  had  washed  into  this  min  and  worn  nway  a  considerable  sec- 
tion alotit;  tbe  river  front.  The  character  of  the  rain  indicates  that  it 
waH  a  small  pueblo  bnjlt  in  part  of  blocks  of  adobe,  and  possibly 
abandoned  00  accoatit  of  tbe  en  c  roach  men  t  of  the  stream,  slthongh 
well  situated  for  farming  the  adjacent  valley. 

The  fourth  ruin  is  perched  on  top  of  a  mesa  at  about  an  equal  dis- 
taii4M!  from  Winslow  as  the  second,  but  on  the  left  or  opposite  bank  of 
the  river.  The  pueblo  covered  almost  the  entire  top  of  a  conical  bntte. 
which  on  one  side  is  almost  inaccessible.  This  ruin  indicates  a  village 
of  considerable  size,  as  shown  by  tlie  fallen  debris  and  abuudance  of 
[lottery  fragmetits  strewn  on  the  talus  at  the  base  of  the  cliffs.  The 
pictiigraphs  on  bowlders  half  way  up  tbe  hill  following  an  old  trail  are 
abundant,  characteristic,  and  well  preserved. 

My  knowledge  of  the  character  of  prehistoric  culture  at  Homolobi  is 
drawn  mainly  fnim  facts  obtained  at  the  first  ruin,  but  the  similarities 
of  all  four  ruins  implies  an  intimate  connection  and  a  close  likeness  iu 
the  manners  and  customs  of  their  inhabitants.  B'or  convenience  it  may 
be  best  to  dcsi(;nato  the  group  of  ancient  towns  about  Winslow  as  the 
Ilomololii  gi'ou]),  but  I  will  not  commit  mysiOf  to  the  statement  that 
tliey  were  all  Kimultaneously  inhabited.  There  it)  as  yet,  however,  no 
(evidence  tlnit  they  wore  not,  aud  every  probability  that  the  time  of 
abandonment'  of  all  was  not  far  apart. 

Although  past  ex)ierience  hiul  shown  nte  that  excavations  in  the 
rooms  of  ruins  revci>'  ~  ''ncns  of  value^  as  compare*!  with  those 

III  c(iini<t4tricR,  I  mm?  xcavattons  of  the  rooms  of  Hnnmlobi 

l-o  dt>U>nnino  their  'er  of  stories,  and  their  distnbntion 

>  K'liHiiii  rm-  IlK'ir  \y  stiiU-il  to  have  beeo  ioniads  uf  tioAtile 

iWI1iir<-i>i'  rruiM,  Id. 
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ID  the  mounds.  These  excavations  showed  th»t  the  majority  of  the 
rooDDR  were  lar^re,  thiit  their  wnlla  were  iiicely  plastered,  and  that  they 
were  two  stories  high  in  some  places.  In  more  than  one  part  of  the 
rain  we  came  upon  well  preserved  cedar  beams  of  flooring  several  feet 
below  the  surface.  Fireplaces  ( 1  ]  and  windows  were  found,  but  only 
rarely,  although  passages  from  one  chamber  to  another  were  common. 
In  one  of  the  rooms  we  found  a  human  skeleton,  apparently  of  an  old 
mau,  bnt  with  no  evidences  of  careful  bnrial.  The  skull  of  an  infant 
lay  on  the  floor  of  another  room.  It  was  interesting  likewise  to  note 
that  in  the  large  flat  slabs  on  the  floor  of  one  of  the  larger  chambers 
we  fonnd  small  roand  holes,  carefully  made,  which  suggested  the 
sipapA,  or  symbolic  opening,  the  oriflL-e  through  which,  it  is  held,  races 
originally  emerged  from  the  underworld.  As  this  is  one  of  the  features 
in  the  kiva  floors  at  Tusayan,  we  might  readily  consider  the  chamber  in 
qnestion  to  have  been  a  sacred  room  or  kiva;  but  later  in  oar  excava- 
tions we  found  many  similar  slabs  of  perforated  stone  near  graves 
in  the  necroitolis,  which  suggests  that  possibly  these  stones  were  used 
in  the  floors  of  rooms  to  cover  the  dead  in  intramural  interments. 

The  great  collections  of  prehistoric  objects  which  were  taken  at 
Uomolobi  came  from  the  necropolis,  or  burial  place,  which  is  always  the 
most  wonderful  in  its  revelation  of  the  character  of  ancient  life.  The 
cemeteries  of  Homolobi  were  situated,  just  outside  the  towu,  in  the  slope 
of  the  mound,  only  a  few  feet  from  the  outer  wall.  The  dead  were  thus 
practically  interred  in  the  very  shade  of  the  pueblo,  and  were  not  car- 
ried to  any  distance.  There  was  nothing  superficially  visible  to  indicate 
tbCKc  interments,  save  now  und  then  the  edge  of  a  flagstone  placed 
upright  in  the  soil.  The  custom  of  intramural  barial  and  interment  just 
outside  the  house  walls  seems  to  have  been  of  very  ancient  date;  the 
transportation  of  the  deceased  to  a  distance,  more  modem.  Pueblos, 
like  Awatobi  and  Old  GuTiopavi,  which  were  under  Spanish  influence, 
practiced  both  methods,  but  the  inhabitants  of  the  present  inhabited  or 
modern  Tusayan  puelilos  long  ago  abandoned  burials  in  their  villages, 
and  now  carry  their  dead  down  the  mesa,  or  some  distance  from  the  town. 
At  Stkyatki  the  cemeteries  were  a  few  hundred  feet  distant  from  the 
pueblo,  while  at  Homolobi,  ('hevlon,  and  Chaves  Pass  the  dead  were 
buried  in  the  town,  or  close  outside  the  walls.  1  found  no  evidence  of 
cremation  of  the  dead.'  Almost  every  grave  was  indicated  by  a  flat 
stone  slab,  which  stood  upright  or  lay  above  a  skeleton.  Some  of  these 
stones  were  perforated  with  round,  oval,  or  square  holes.  There  was 
no  uniformity  in  the  orientation  or  jiositions  of  the  dead,  for  some  of 
the  bodies  were  extended,  others  had  knees  drawn  to  the  breast,  and 
stilt  others  were  lying  on  one  side.    Double  and  multiple  burials  were 

'  AlthoiiKli  it  in  ilistiiictlystatf-ilby  I'arly  SputiiBli  writern  thut  tliet'ibolans  Uumed 
their  dvad,  t1i«  fliiiliuK  of  xkt'lotouH  in  am-ienC  Ziifii  niiUH  hIiows  tbnt  tbe  uocieut 
Znriiani  did  notalwayHrrcointe.  Tbecreat  Qiinitiernof  akeletons  founiliu  nod  about 
the  raitia  of  tb«  Little  C[>t<irail<i  ini]ic>it«a  that  bnriiil  in  tho  ground  wan  a  ({euurul 
dMtam. 
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coraiDoii.  The  plnce  of  intfirinent  extended  from  tlie  iiurttieast  to  tfae 
southeast  uugles  of  the  ruin,  anil  the  average  depth  of  burial  was  about 
five  feet  below  the  surface  of  the  ground.  Very  shallow  graves  were 
also  i-x>niiuoii,  but  the  deeper  we  excavated  the  better  preserved  were 
the  mortuary  obJect>f ,  the  finest  pntt«ry  being  fonnd  at  the  lowest  depth. 

There  appeared  to  have  been  7\o  consecration  of  the  soil  in  which 
the  dead  were  oiiee  interred,  A>id  the  same  burial  ground  was  appar- 
ently used  several  times,  after  intervals  of  titne.  The  habit  of  jilaciD^ 
mortuary  votive  offerings  wfi",  almost  universal,  and  almost  every  grave 
exeavated  contained  one  o^  more  objects  of  pottery,'  stone  implements, 
ceremonial  paraiiiieriialii^,  and  the  like.  The  perisliable  food  material 
Ibrinerly  deposited  in  the  bowls  wns,  as  a  rule,  so  much  destroyed  that 
no  opiniou  can  he  expressed  in  regard  to  itn  character.  Valuable  orna- 
ments were  loft  on  ^he  bodies  of  the  dead. 

The  pottery  from  llomolobi  ditt'ers  in  color  from  the  true  Cafiopavi 
and  Sikyatki  wares,  but  contains  a  considerable  number  of  bowln,  varies, 
and  Jars  of  similar  form.  Roughly  speaking,  about  one-third  of  the 
specimens  from  llomolobi  nre  similar  in  color  with  those  from  Sikjatki; 
another  third,  red  and  black  ware,  which  is  glazed,  and  the  remainder, 
white  and  black,  like  the  cliff-home  pottery.  These  differences  in  color 
are,  I  believe,  mainly  due  to  the  kind  of  clays,  pigments,  and  other  com- 
ponents used  in  their  manafacture,  but  the  symbolism  of  all  wares, 
however  coloreil,  is  practically  identical. 

The  large  number  of  vessels  belonging  to  the  red  and  black,  and 
black  and  white  varieties,  identical  with  those  sometimes  said  to  l>e 
characteristic  of  tlie  eliff  dwellers,  lead  me  to  the  conclusion  that  the 
ancient  pueblo  villages  made  the  same  kind  of  pottery,  and  adorned  it 
in  the  same  way,  whether  they  lived  in  cliff  houses  or  in  villages  in  tbe 
the  plain.^  This  conclusion  could  not  have  been  demonstrated  with- 
out extensive  excavations  in  pueblo  ruins,  such  luj  the  means  at  my 
disimsiil  miule  possible  in  the  Homolobi  region. 

Vases,  as  a  rule,  are  ornamented  on  the  exterior,  and  1  have  but  a 
single  specimen  decorated  on  the  interior.  This  figure  represents  on 
one  side  of  the  rim  the  head,  breast,  and  arms  of  a  human  being,  bold- 
iug  in  outstretched  hands  rattles  or  spears.  Below  this  figure  there 
are,  in  tlie  interior  of  the  1)0wl,  two  footprints,  as  if  Irom  one  who  bad 
leaped  into  the  jar.  From  these  two  footprints  a  line  of  steps  extends 
across  the  interior  of  the  jar,  ending  on  the  diametrically  opiwsite  rim, 
behind  a  figure  of  the  lower  body  and  legs  of  a  man  crawling  out  of 
the  bowl  on  the  opposit«  side.  This  internal  decoration  ie  ani«|uc,  and 
undoubtedly  had  an  important  meaning  in  the  mind  of  the  delineator. 

The  piiitographic  decorations  of  Homolobi  pottery  which  can  be 
identified  are  few  in  number  compared  with  those  from  Sikyatki,  which 

'  Wbilo  liiiiOli  pnitory  was  broken,  inany  pieces  were  entire. 

'n  iitber  worila,  while  black  and  white  witro  in  among  the  most  nbandant  UidUi 
ff  hoiiHi'8,  it  Ib  notoharnctcriatio  of  or  ronfnii'il  to  them,  thus  indicating  coq- 
rwieity  of  uceupattou. 
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iu,  I  lH3liove,  a  liigbly  Hi^'iiiflcaiit  I'ocL  Th«  figures  of  birds  prcdumitiitta, 
\>ut  these  differ  esseutially  from  tliu^  represented  iti  the  pulieograptiy 
of  Cufiopavi  and  Sikyatki.  As  a  rule,  tliey  ivre  crude  in  form  »iid  less 
artistically  made,  a  generalii^atton  which  is  likewise  true  of  the  cenimic 
wure  as  a  irliole,  lookiug  at  it  either  from  tlio  puiut  of  view  of  flnisli  or 
omauieiitatioD.  The  ancient  pottery  from  Sikyatki  and  old  Ouuopavi 
is  superior  to  any  which  I  have  examined  fnnn  the  Southwest.  That 
from  the  Uoiuolobl  region  is  cruder,  more  like  ancient  Zufii  ware,  indi- 
cating a  less  developed  artistic  tasto  and  |)ointiDg  t^i  but  not  proving 
a  liigli  development  of  culture  in  prehistoric  Tusuyan.  As  wo  compare 
articles  from  the  Chevlon  ruin  with  those  from  Zuni  wo  find  close  like- 
iieisses,'  but  if  anything  the  ancient  Cibolaii  ware  is  inferior  Ui  that  of 
Ilomolobi,  both  of  which  is  greatly  inferior  to  the  ancient  Tusayun 
l>ott«5ry. 

The  only  instance  in  which  I  have  found  a  figure  of  the  spider  in 
pottery  from  xirehistoric  ruins  of  the  Southwest  was  on  a  food  basin,  the 
interior  of  which  wasadornetl  with  a  reproseiitatiou  of  this  animal.  It 
had  the  four  pairs  of  legs  characteristic  of  Aruchnida,  the  globular 
body,  and  prominent  mandibles  of  this  group.  In  modern  mythology 
the  spider  woman  is  associated  with  the  sun,  and  itis  probable  that  she 
is  an  earth  goddess,  bride  of  the  sun,  called  the  mother  or  gmndmother 
of  the  twin  war  gods.  It  is  interesting  to  find  on  the  outer  rim  of  this 
bowl  with  spider  decoration  a  figure  of  the  suu  similar  to  that  now 
made  yeaily  by  the  chief  of  the  Katciiiaa  on  the  Hoors  of  the  stkcred 
roonm  or  kivas  in  the  celebration  of  the  series  of  ceremonials  called  the 
Powanifi,* 

The  maize  found  in  the  mortuary  bowls  nt  Ilomolobi,  and  the  same  is 
likewise  true  of  the  other  ruins  studiwl  by  me,  was  a  small -eared  variety, 
in  some  instances  not  nmre  than  one  or  two  inches  in  length.  There 
were  many  mjuiwh  seeds,  a  few  cotton  seeds,  and  others  notidcntilied.^ 
Among  objects  of  doubtfViI  use  found  at  Ilomolobi  may  bo  mentioned 
the  plastron  of  a  turtle  which  was  cut  into  a  circuLkr  form  or  disk. 
While  we  were  at  work  on  our  excavations  at  Ilomolobi  a  small  piirty  of 
Hopi  made  a  visit  to  the  Chevlon  and  Clear  creeks  to  collect  turtles 
for  use  In  the  sacred  dauce.     They  also  made  prayer  ofl'erings,  which 

'  Both  tbe  anvieot  Zurii  jiottury  aiitl  th.it  fruiii  lutvcr  iluwn  tlio  C'lilorailii  Chiiiiiitu 
are  MDiilor  hi  cottir,  iluubtless  betaiiHo  uf  iiluiitity  iu  tliu  coimtitiioiiti)  of  the  vl.iy  und 
thu  ucliun  of  fint  npuu  it. 

-The  niudum  nyitibol  of  tlie  hud  which  h  duiiiuttHl  »u  tbe  piittury  nuw  twulo  in 
Tiiiayun  is  likewise  found  on  tho  uUar  numeu  of  thu  I'sllllilkonti,  iir  wrpunt-Hun  oer- 
eniDuy,  and  iu  viiriuns  other  altar  paraphomuliii.  The  stin  eyDibuI  i>f  thu  Katcinatt, 
howevei,  is  slightly  dill'ureut,  unil  that  on  uld  putter}" resembles  the  Katciua  variant. 
Isiijrgeat  that  tho  dual  symhul  thus  ieco);ui/.oJ  cau  be  explained  o[i  the  theury  of 
iliversc  origin*. 

'Among  the  present  people  in  Tiisayan,  who  claim  thiit  their  iiucoKturs  cume  fTuia 
tbefarSonth,  tiieSqiiiiah  people  were  rugiird<'d  niuHt  impurtimt.  It  Uhutil  that  these 
people,  together  with  the  Sun,  Water,  ;iu<1  others,  once  lived  on  tho  Uaoka  uf  the 
Utile  Colorado.  On  their  rtilvent  iu  Tiisayan  tiiey  xi'ttlcd  Tcuknhl,  n  puoblu  of 
the  Middle  Mesa,  now  In  mius.     Tho  geim  ih  iiuw  extinct  at  Walpi. 


L J.   -WTZfrt-'ir.  aaSkTtfX. 


jbi^^n  W  wir-iiUQ.     Tut  iitrr  jHt  &  wtgiiri>r-Mir«  j 
nar*-;  nit^iTAiis  if*  Tunt.- 

*r-'*r:tt^  «^rr.<ini»  if*  '.u*  .t^  twima  iif  ••■■m  nnniM 
Sw  *«-!  ;  if  wi*  .ar-v-mtmr- 

„-jtf.Mb-Mt  a*;  ,-^l;i.X-  ^tf  »  *tit»H    Msmt*  »««  -ClZ  jniHSI. 

Twt  Vtir-i.  >-ii*r»  f  ;aj*  yw  .:  -wh:-  a.  1^  fcotk^-  at  tbe  base  rf 
tiM:  «**».  AA^  -ut  yrk!*5»  -mft*  mtirtyK  ':j  lae  •■■«  ra-taa,nlu-  slone 
*M/M  rK>Mn>)i  ,A  ■-*  lr*«  r.-j-  Ti*  uiM  i3:«u ■£(.!«  tnd  bwwl  ruond 
/Ik  •i.i^M:  mr-^t  va*  ATS-ko:*^. -i^  TtLi  t^  pittmn*^  a  hoMaii  faciiig 
mri.  fr/»-»r«  at*t  v.-.rMr".-*-  T;-  --:a  '^ue  t£W«  m  punted  black. 
WK  M  •"  '/fTJiA  ic^  e3M«  1&  >:  .'!>  .:^  T^.4>kj9s  alur&.  sad  Cacee  of  partici- 

7tf«  tti.r'l  ni.fi '  w;tA  ^'.-.a^itri  •rr.  iLt  Itf:  bank  of  Ac  riTrr,  not  tatm 
IImh  •'f  n.iif:*  frxin  ti.*r  t«rvn  <rf  W-i.^.^.*.  Ii  vaa  a  «Ball  village,  aiid 
Wf  iM^ir  til'!  •trfciirt  tb^t  (lie  saur  luid  wvibed  awaj  ose  nwner  of  the 
ttfmiulit.     I  ma'lK  no  kxt^ratiifa  ai  (his  i4ace.  riccpt  on  one  side,  bat 

•IMitmKtii'tnf  liJu  licFn  dntrri^>F<l  i>  ihe  nneealh  Anaaal  Krport  of  tbe  Bnreao 
.,1  Au^tumi  y.t\.i,..\:vi. 

''till:  Wui  l',it\»ko  Wilt  lf>nn;;lit  l«  .SilromOTi  tram  Znfii  bj  ■evera]  Hop)  who  lud 
•full  It  »t  tlia  latlM  |i(i«l>l»  lint  many  jean  >);(>-  As  mil  Kateinas  antlie  special  cart 
lit  ttiH  ftnitgtr  jrnip\f.  l)iR  )»ra)>benialia  of  thi>  crrvmon]- belongs  to  the  Bail|:ers. 
'tiiKtm  HiiKiuu-  ifltirr  Katiriiiaa  wfaiili  were  ilerived  from  Zniii,  ■■  well  ae  «eak  rrp- 
rMviitHllv'''  »r  c^rtHtn  [•ri'«thw)it«;  )nit  .-u  a  rale  tbe  Mokis  bare  rarefnllj'  gaari«i 
Uu.it  |w«'itllar  rim,  not  lieiiiK  Killing  to  sell  Ibcm  even  1«  Ibe  Zafiia.  Aboat  On 
jffiar  IWi  r<'i>riiiH-ntHtlve«  or  sleten  ZiiTii  vlaoa  liHited  Walpi  and  tried  to  parcbaM 
Mix  iiifUtlvnnf  Ihn  Kfiskn  Itanrf,  hut  were  refowd.  TbeZnltiriliialia  not  aa  varied 
»r  iia  ili.h  HK  tlifi  Mokl  ami  ha«  luflered  more  by  loMra  canaed  by  the  extinctioD  nf 
inti'ii'iiiilrtU  iliin  Id  lh>-  M|>iiiihinlB. 

'One  of  thn  iiiiiiit  jirwhli'miitlciil  ici-.atvg  of  thi^  Hopi,  wbicb  isrepDtod  to  baveoome 
in  Tiianyitii  froiti  llm  I'lir  Hoiitb,  wua  tb«  "Wiksnm."  Tbte  geaa  is  Mid  tobavs 
liiiiiii  iHi  I'nlli"!  lii'i'HiiHi  Ihn  molnberH  of  it  wore  (wctions  of  the  leg  boneH  of  the  beu 
III  tlinlr  hHlt'i  IihiikIiik  ilown  ovi-t  the  forehead.  Ofiats  mentiona  a  people  betniwD 
llin  lillll"  lloliiriiilii  iitiil  thi>  lireitt  (Colorado,  called  "CrnKados,"  from  their  weariD): 
iiionK'a  nil  Ihi'lr  ftii i^hiiitiln,  Tlie  (.'oco  Marfcopaa  are  said  to  have  worn  bone  ohjecta 
III  ilielr  lii>lr,  mill  tliU  !■  true  of  *i>voral  tribea  In  the  Kuulhwest. 

■Tim  AiiiKtiipd  iiiiroUi,  Fliilii  KJrlH  orCorn  naida;  see  description  of  the  Tnmyin 
Kliili.Oli»i.rviiii.i.», 

'nnvniiil  I'tnim   whirli  wnro   litter  niialnillati'd   with   the   Tnsayan   villagers  are 

lt<|ior<ri1  til  liHvi<  hiilK  liii ■  uluiitt  the  Caloroilo  ('biqnito,  and  aomo  of  the  name*  of 

lliivn  vlllitiimi  iiri>  kimwl)  lo  Tiiiiitj'nn  folklorlHta.  Oiii>  of  these  is  the  old  pnebin, 
I'l''  '  '  -  hoiiii'  nf  thr  Mi|iiiiiili  )itHipIi>.  Kroni  the  size  of  Bon»>of  tbt>  ruiUK  along 
'  vlii,  1  ■h<>iihljiidgi>  tliut  iHiiuoof  tbfiu  huiiaed  Hsveral  phratries. 
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foniKl  ttmt  somt;  of  tlie  walls  were  iDiwIe  of  adobe  blocks  as  wull  as 
stone  Taken  in  coniiectiou  with  tbo  niius  later  fonud  farther  down 
tbu  Ooloradu,  these  are  the  flrat  mentiou  of  adobe  walls  in  villages  in 
tbe  Tusayan  jmjvincc,  showing,  of  tont^fi,  that  tlie  builders  utilized 
tbo  must  convenient  material  at  hand  for  their  habitations. 

The  fourth  ruin  of  the  llomolobi  group  was  situated  on  the  name  side 
of  the  river  as  the  last,  a  few  uilos  farther  north.  Like  tbe  oecond  ruin, 
it  is  more  distant  from  the  river  an(t  urowjis  a  mesa,  the  walls  of  which 
are  very  steep.  This  ruin  is  small  and  lias  cemeteries  in  the  dobris  at 
the  foot  of  the  mesa.  The  blocks  of  stone  near  by  were  found  to  be 
covureil  with  charavteristrc  |)ict<>graphs '  made  by  tbe  modern  Hopi. 

The  second  and  Ibnrth  llomolobi  ruins  are  excellent  ones  to  excavate, 
and  will  undoubtedly  yield  many  Riiecitnuns,  although  the  probability 
is  that  objects  taken  from  tbem  will  not  dift'er  greatly  from  those  which 
1  have  brought  to  Washinglon  from  tbe  lirst  ruiu. 

OBEVLON   KUIN.^ 

There  are  several  ruins  on  Cbevlou  Creek,  one  of  tbe  most  convenient 
of  which  to  study  was  that  on  tbe  left  bank  near  where  it  flows  into 
the  Little  Colorado.  This  ruin,  about  fifteen  miles  from  Winslow,  is  in 
sight  of  tbe  station  Hardy,  on  the  Atlantic  and  Pacific  llailroad,  and 
was  tbe  most  eastern  ruin  of  those  examined. 

]t  is  situated  on  a  gravelly  bill,  nowhere  more  than  a  bundreil  feet 
high,  and  in  no  way  different  from  neighboring  hills  of  the  same 
geological  character.  No  sign  of  walls  were  seen  above  ground,  but 
from  adiiitance  the  mounds  of  Ghevlou  ruin  could  be  readily  distin- 
Kuished  by  their  peculiar  light-gray  color.  The  general  Ibrm  of  the 
min  was  rectangular  with  outlying  rows  of  rooms  apparently  inclosing  a 
plaza,  and  tbe  most  elevated  jiart  was  on  the  northern  side: 

Tbe  cemeteries  of  this  ruin,  like  those  uf  Homolobi,  gaye  us  tbe 
majority  of  objects  collected  at  that  place;  The'  pueblo,  judging  from 
the  contents  of  the  graves,  was  richer  and  larger  than  Homolobi, 
although  there  are  many  likenesses  between  tbe  two.  Tlie  portion  of 
the  necroi>olis  excavated  was  situated  on  the  northern  side,  tbe  graves 
behig  found  on  the  8lo|)eof  the  mounds  in  the  immediate  vicinity  of  the 
outer  walls  of  tbe  tewn, 

The  burials  were  indicated  by  flat  stones,  some  upright,  but  mostly 
horizontal,  similar  to  those  of  Homolobi.  As  a  rule  the  bodies  were 
wrapped  ju  a  coarse  rush  matting,  which  was  in  many  instances  well 
preserved. 

Of  fragile  objects  (rom  this  ruin  may  be  mentioned  fragments  of 
plaited  ware,  some  of  which  were  almost  entire  baskets.    The  custom 

'  AmoiiK  tliese  were  recogniMHl  the  totem  nignatnira  of  wveral  clans  of  the  Patki 
luidSiiuBHb  people,  whotra<1itioiiiisiiy  once  Iivi>il  in  tLc  CaliiradoChic|iiito  ruiiiH. 

' Cakwabaiyult i,  l)lu«  Stream piieblu.  Higher np or  [learer tht Hoiirce of theCbevlou 
there  are  otber  laine,  and  in  tbe  Clear  Cru«k  Oanyou  sevetal  cHQ'  ho^Mt. 


52H  rvERuy  Bunts  seas  wis^uom.  auzotia. 

of  Imrjing  basket  |*la<|at:*  with  tbe  deawl  L~  )>till  |trt-~er%-ed  In  tbe 
TiaajMi  tons,  where  it  af^iean  to  Law  b«en  iDtimtval  Iroui  aucient 
tiBt*.  B»>>keu  are  doC  »uv  Bade  at  the  Ea^t  Meiia  uf  Tasa\~aii.  &im1 
tbeetaft  is  eut-fined  to  the  Ifwldle  3lcsa  aud  OraibL  Tfae  lnKk*-t« 
rural  seretal  glares  were  identical  with  tbot^  made  at  OraibL  There 
were  aLw  re[>i««eiitaIioii»<rf'tlie  jieeaUar  kiotl  maDnfactared  ut  Micuiii- 
novi  and  aaoug  tbe  Kobouiixts.  S>iueof  tfae  iu^et'^  werv-  pettuted  on 
the  Korfaee  a  |Ct«ea  or  bloe-  eolor.  utbers  bad  the  L-oin|H»DeDt  twigs 
■taiDed  before  tlief  were  ptaitMl.  When  the  basket  ware  was  iiaiuted 
Uie  tHgmetit  formed  a  tbk-k  euating  or  layer  over  tbe  snriace. 

"niere  was  foaod  id  a  Che^'luD  grave  a  lar^  stoue  slab  onuftmented 
io  color  uD  butb  sidei!.  Tbe  desi^is  <id  one  side  are  showii  in  the 
act»iiipaiijiDg  plate,  bat  the  fignre  on  the  reverse  is  almost  int-isiblti. 
From  the  portions  ittill  reaiaiuiog  I  n-cogiiize<l  syiubuU  of  tfae  dragun 
riy.  Tbe  triaogolar  figure  1  wUI  not  attem|it  t4)e\]jlain.oat  of  a  feeling 
that  it  woold  be  pretiiniptiioas  to  attempt  it  wben  the  best  folklorist^ 
MooDg  tbe  people  of  Walpi  dedarul  that  they  did  not  onderstsiiHl  its 
meaoiug. 

Tbe  use  of  stiJiie,  wooden,  and  bamt  clay  slabs  on  the  altar  of  Ta- 
xayau  prieHtit  baa  been  re|>eatedly  illnstnited  by  me  in  avcouuts  <>f  tbe 
llopi  ritual,  but  noue  of  tbeHc  bear  a.  symbolism  identicul  with  that  on 
tbe  ritoue  slab  from  a  grave  in  tbe  Cbevlon  ruin.  Tbis  form  of  |tictog- 
ra])by  is  therefore  exceptional,  and  the  siievimen,  sa  iar  as  I  know, 
uiiii|ue. 

Tbe  colors  with  whivb  it  was  painted  are  tbe  siune  as  those  uaed 
Ui  day,  and  from  being  mise«)  with  water  easily  wash  oB'.  I'ndonlttodly 
tbJH  Mtoiie  slub  was  used  in  cereiiioulals,  [)erliaps  prehistoric,  and  buried 
ill  tbe  grave  of  tlio  prietst  who  {wrforiued  them,  at  bis  demise. 

Altbongb  the  signidcauce  of  tbe  three  triaiigalar  tignresisaukuowu 
to  Hie,  tbeir  likeness  to  similar  markings  on  tlie  walla  of  certain  cbaiu- 
Iwis  called  kivas  in  tbe  clifl'  homes  of  tbe  Mesa  Verde  is  very  striking. 
Ill  tliv  view  of  tbe  interiorof  one  of  tliese  rooms  given  by^onleiiski^ild' 
not  only  tbe  same  number  of  these  triangles  are  depicted,  but  ulso 
iMlJuccnt  to  one  of  tliem,  but  not  on  its  a^iex,  is  represented  a  bird.  It 
bus  been  Hng{;csted  that  these  are  rain-cloud  symbols,  and  it  may  be 
called  to  mind  tliat  similar  fignres,  revor»cd,  are  painted  on  dados  of 
iiKHlvni  liomi's,  and  embroidered  on  wedding  blankets,  wliere  tbey  are 
culled  butterfly  symbols.  In  tlie  secret  rites  of  the  snake  dancu  at 
Waljii  tbe  priests  still  use  a  stone  slab  decorated  with  n  figure  of  tbe 
biitti^i'fly  or  moth,  and  callc*!  tbe  Ilokona  niana  (butterfly  virgin).^ 

One  of  tbe  rarest  st4)ne  implements  found  in  the  Obovlon  min  was 
an  ax  of  white  stone,  smoothly  polished  and  symmetrically  finishe«l. 
Tills  tniplemeiit  was  ornamented  on  opposite  fiices  with  a  simple  incised 

'  lUiiii  pigment  U  nziirite;  ({nscTi,  <'arbonatv  of  I'olipet. 
'Cliff  nw.']l«m  of  Me-i.  VorJ... 
>-l<jutii.  Auier.  KtL.  ami  ArcL.,  Vol.  IV. 

Dcinz.SDv  Google 


Dcillizedoy  Google 


Dcillizedoy  Google 


Dcillizedoy  Google 


Mosaic  Frog. 


DcillizedoyGOO^^I 


PUEBLO    RUINS    NEAR   WINSLOW,  ARIZONA.  529 

crosn,  and  four  parallel  marks  were  cut  od  one  edge.  The  stone  was 
soft,  probably  litnebtoue,  and  must  have  been  originally  brought  to 
Chevlon  from  some  distance,  as  sitnilar  rock,  in  place  or  in  fragments, 
was  not  found  iu  the  vicinity.  I  have  not  seeu  an  ax  of  the  same  mate- 
rial from  .tDy  pueblo  ruin,  but  the  majority  of  stone  impleineDts  are  of 
harder  rock.  The  stone  axes  from  Homolobi  are  of  chipped  Bt4)ne, 
without  groove  for  hafting. 

Several  forms  of  arrow  straighteners  were  fonad,  one  of  these  in  the 
form  of  a  frog.  Tbese  also  served  as  arrow  polishers,  and  are  at  the 
present  day  used  iu  polishing  prayer  sticks. 

Several  stone  slabs  found  iu  the  Chevlon  ruin  had  one  surface  covered 
with  two  rows  of  blackened  circles.  They  were  too  heavy  for  trans- 
portation, and  my  photographs  of  them  were  failures.  Their  use  or 
signiticance  is  not  known  to  me. 

The  occurrence  of  metates,  or  grinding  stones— flat,  worn  slabs  of 
rock,  on  which  seeds,  probably  corn,  vere  grouud — in  the  graves  of 
women  indicates  a  burial  custom  not  without  a  jtarallel  in  modem  times. 
These  metates  were  commonly  Inverted  over  the  skeleton  of  the  woman 
at  burial.  The  Indian  workmen  said  that  in  all  instances  they  indicate 
the  sex  of  the  dead,  and,  as  far  as  my  osteologicat  knowledge  goes,  it 
seemed  to  me  that  they  were  right  in  that  statement. 

Several  objects  for  personal  decoration  were  taken  from  the  Chevlon 
ruin,  one  of  the  most  iuterestiiig  of  which  was  a  large  button  of 
polished  lignite.  A  square  fragment  of  the  same  material,  found  on  a 
skull  near  the  mastoid  process,  was  inlaid  with  live  small  turquoises, 
one  at  each  angle  and  one  in  the  middle.  This  was  the  only  specimen 
of  lignite  inlaid  with  stone  which  was  fonnd,  but  several  specimens  of 
incmsted  shell,  wood,  and  bone  were  taken  from  the  Chevlon  rain.  The 
number  of  marine  shells  found  in  the  Colorado  Chiquito  ruins  was  very 
great.' 
The  following  have  been  identified:' 

PectuHcnliu  gigantene,  R«eve.  Olira  angulala.  Lam. 

Afelongena  patnla,  Rod.  &.  Sow.  OUca  hialula,  Gmeliii. 

SIrombu*  galtatut,  Wood.  Olira  biplicaia.  Sow. 

Conat  Fergutoni,  Sow.  T^rritttla  iegrina,  Keiner. 
Cariium  tlatuvi,  Sow. 

The  most  beautiful  ornament  or  fetich  of  shell  incrusted  with  turquoise 
was  found  at  the  smaller  of  the  two  ruins  at  GlmveS  Pass.  It  was  a 
specimen  of  Pectuttcuttts  giganteus  covered  with  gum,  in  which  were  inlaid 
rows  of  turquoises  nicely  fitted  together  in  the  form  of  a  frog  or  toad. 
This  beautiful  object  was  evidently  an  ornament,  and  was  taken  from 
the  breast  of  a  skeleton  buried  several  feet  below  the  surface  in  the 
smaller  of  the  Chaves  Pass  ruins.    As  an  example  of  mosaic  work  this 

'Se«  Pacific  Coast  Shelln  ttam  Prehistoric  TiisajiiD  RniDH.     Auier.  AntL.,  dovem- 
fc«T,  1896. 
'For  objects  himU  from  them,  s«u  roy  urticle,  Amer.  Antb.,  November  1896. 
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object  is  unsorpasBed,  and  with  the  exception  of  one  other  is  the  oiily 
veritable  mosaic  frog  known  to  me  irotn  ruiua  in  the  Southwest.' 

The  Chevlon  rain  revealed  a  few  specimens  of  shell  carving,  oue  of 
the  best  of  which  was  a  Pectuneulue  cat  in  the  shape  of  a  frog,  with  per- 
forations for  eyes.  Many  shell  armlets,  bracelets,  fioger  rings,  and  [i^- 
forated  shells  of  the  same  species  were  likewise  found.  There  ought 
likewise  to  be  mentioned  two  objects  cnt  ont  of  shell  representing,  pos- 
sibly, some  animal  with  head,  four  legs,  and  a  talL  Oue  of  the  armlets 
was  beantifolly  decorated  with  au  incised  pattern  which  is  varioaely 
modifiecl  in  color  on  many  prehistoric  bowls  and  jars. 

Wood,  bone,  and  shell  incrosted  with  turquoise  mosaic  were  fauiiliar 
objects  to  the  iuhabitaoto  of  the  Chevlon.  One  of  the  most  interesting 
ornaments  is  a  pear-shaped  pendant  of  bone,  covered  on  one  surface 
with  a  turijaoise  mosaic.  Shell  and  turquoise  were  combined  iu  »a 
incrustation  on  wood  in  another  specimen. 

A  set  of  gaming  reeds  was  found  in  a  grave  at  the  Chevlon.  These 
were  Ave  in  number  (four  is  now  the  prescribed  number),  and  are  siml- 
lai'ly  marked  to  those  used  in  gaming  at  modern  Zuiii,  This  game  was, 
however,  known  iu  ancient  Tusayan,  for  we  found  at  old  Cauopavi  a 
beautiful  food  basin  with  the  same  fonr  reeds  depictod  upon  it. 

In  the  same  grave  with  the  gaming  reeds  we  found  fragments  of  a 
bow  and  arrow  whicb  seems  to  refer  the  owner  to  a  warrior  priesthood. 

The  pottery  from  the  Chevlon  ruin  has  many  resemblances  to  that 
of  the  ancient  Zufii  ruins,  but  is  not  so  fine  as  that  from  Sikyatki  or 
Ounopavi,  the  old  Tusayan  pueblos.  The  predominating  colors  are  dif- 
ferent IVom  the  latter  and  similar  to  those  of  ancient  Cibolan  ware,  but 
its  decorating  designs  are  mostly  geometric  figures.  As  the  symbolism 
of  the  Chevlon  imttery  is  essentially  tbe  same  as  that  of  Homolobi, 
which  is  undoubtedly  Tusayan,  and  closely  akin  to  that  of  Cibolan 
ruins,  1  am  led  to  the  belief  that  the  differences  between  the  old  Tusa- 
yini  towns  of  the  Colorado  Chiquito  and  those  of  its  tributary,  the  Kio 
Zuiti,  were  not  very  great,  and  that  there  was  a  closer  similarity  between 
tbo  aueieut  /uilis  and  Mokis  than  between  tbe  modem  pueblos;  so 
that  both  )HM>pIe  may  consistently  claim  kinship  with  the  same  ancient 
IHM^ple,  and  (lieir  present  diflereuces  may  be  interpreted  rather  as  later 
ditVeivniiutions  than  due  to  dissimilar  origins. 

Sovcnil  xt'ssel.-*  of  clay,  painted  and  fired,  made  in  the  forms  of  ani- 
mals, were  found  nt  the  Chevlon  ruin.  One  of  these  was  identified  by 
the  Indian  workmen  as  a  duck,  while  others  were  called  birds.  One  or 
two  of  these  wote  so  conventionalized  that  the  head,  wings,  and  taO 
werv  reprt"""*-'  '-v  knolis  on  the  surface  of  the  JM.  The  most  striking 
of  the  b"  "sscls  bwl  the  form  of  a  macaw  or  parrot,*  figures 

of  whicl  'Uit  dM>oi«rions  on  many  objects  of  pottery.    The 

'I  h»T«  or  iw*  iiUiM  FpwtnwDs  Thich  w«»  clevari;  made. 

'TV»  n  yiM  yna  uMH-titvd  with  tke  P*tki,  and  fiw  obrioat 
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-wings  are  represeoted  by  parallel  lines  or  feathers,  a  couvoDtioualism 
still  used  ou  tlie  bodies  of  Moki  dolls. 

One  of  tbe  most  suggestive  of  these  jara  of  animnt  form  is  a  bird- 
8hai>ed  vessel  with  folded  appendages  on  each  side  which  suggest  legs. 
It  is  barely  possible  tbat  these  may  be  reptilian  appendages,  in  wliieli 
case  tbe  mind  naturally  recalls  the  intimate  association  of  the  bird 
aud  snake,  which  has  been  worked  out  in  so  clever  a  way  in  carvings 
ftvm  Yacatan  ruiiia. 

The  decoration  of  rudely  coiled  or  indented  pueblo  pottery  was  rarely 
practiced,  but  several  good  8i>ecimcn8  were  obtained  from  the  ruins  of 
the  Little  Colorado.  This  ware  is  instructive  as  furnishing  a  passage 
(torn  rude  ware  to  highly  decorated  polished  jKittery.  The  accompany- 
ing figures  show  the  general  character  of  this  kind  of  ware;  it  has 
a  peculiarly  formed  handle,  which  is  nowhere  else  dnplicatvd.  The 
interior  is  perfectly  polished  and  black,  closely  resembling  the  modern 
ware  of  Santa  Clara.  Whilis  this  kind  of  pottery  was  never  exten- 
sively manufactured  along  the  Little  Colorado,  it  was  not  unknown  to 
the  people  who  once  dwelt  there. 

A  remarkably  fine  series  of  ladles  was  taken  from  the  graven  at  the 
Cbevlon  ruin,  which,  while  they  present  no  marked  peculiarities,  are 
of  special  inferest  in  the  study  of  the  modiUcation  in  form  of  their 
handles.  In  one  specimen  the  handle  is  double;  in  another,  decorated 
with  a  human  figure,  and  many  specimens  are  ornamented  with  alter- 
nating parallel  and  cross  bars.  While  the  interior  of  tlie  bowl  is  gener- 
ally decorated  with  geometrii;  patterns,  we  find  the  rsire  abnormality  of 
a  figure  of  a  face  resembling  a  Katcina  depicted  ou  its  surface. 

A  [>eculiiir  kind  of  ware,  so  far  as  I  know  new  to  collections  of  pre- 
historic pottery  from  our  Southwest,  was  limited  to  bowls  from  the 
three  rains  studied  by  as  last  summer.  The  dominating  colore  are 
red,  black,  aud  white,  the  relative  amount  of  tbe  latter  predominating. 
The  figures  are  geometric  or  stellate,  terraced  and  zigzug  forms  mak- 
ing up  the  greater  part.  Spirals  and  curved  figures  are  absent. 
While  ware  of  this  kind  has  been  taken  only  from  the  area  covered  by 
oar  excavations,  its  limitation  has  not  been  determined.  The  fact  that 
it  is  not  found  at  Sikyatbi  may  be  explained  ou  the  ground  that  this 
pueblo  was  settled  by  the  Kokop  or  Firewood  people,  who  came  not 
from  tbe  south,  but  from  the  east,  but  it  is  strange  tbat  no  B)>ecimeu  of 
it  has  yet  been  found  in  tbe  modern  limits  of  Tusayan. 

0HAVE8  PASS  EUINS. 

The  aboriginal  dwellings  in  Ohaves  Pass  were  two  in  number,  one  of 
which  was  larger  than  that  at  Homolobi,  which  1  have  already  described. 
These  ancient  pueblos  were  situated  in  the  pass  on  two  hills  a  short 
distance  apart.  The  country  in  which  they  lie  is  very  different  from 
that  inhabited  by  the  accoleots  of  the  valleys  of  the  Colorado  Gbiquito. 
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It  is  wdl  wood«d  irith  beaotifbl  trees,  sod  aboDdaot  waia,  raie  of  tbe 
deli^htftU  camiHDg  places  id  this  part  of  Atuoiia.  The  walls  of  both 
ruins  were  baiU  of  lava  roeks,  and  the  hills  nearby  are  capped  with 
malpais.  From  the  ate  of  the  smaller  a  wide  ontloc^  can  be  had 
across  tbe  Taltej-  of  the  IJttle  Colorado  to  the  fitf  distant  Mc^  bartes, 
those  great  conical  elevatkms  of  rock  which  f<vm  oonspicnoiis  land- 
marks, fiw  miles  aboat  and  are  in  sight  of  the  present  Moki  Tillages. 
Theeteration  of  the  rains  at  Cbaves  Pass  was  considerablv  higher  than 
that  of  HomolobL  Chaves  Pass  from  preht»tork-  times  was  one  of  the 
few  available  passageways  over  the  HongoUon  moontains,  and  tbroogh 
it  ran  an  old  Moki  trail,  repoted  to  have  been  the  way  used  by  Ht^ 
traders  in  visiting  tbe  peoples  south  of  the  moontaios.  The  tributaries 
of  two  watersheds  arise  from  it  a  few  miles  away,  one  flowing  into  the 
Little  Colorudo,  the  other  into  the  GUa:  both  evenlnally  into  the  <->a]f 
of  California. 

The  position  of  tbe  Cbaves  Pass  rains  is  therefore  a  moi^t  important 
ODe  in  discossioD  of  the  migration  of  peoples  north  and  soath  along 
these  river  valleys,  and  a  determination  of  the  coltnre  of  the  people 
which  iohabited  paebloa  on  snch  a  site  is  of  great  importance  Id  a  dis- 
cnssion  of  tbe  aocient  home  of  that  component  of  tbe  Hop!  people  who 
claim  to  have  come  from  tbe  sontbeni  region. 

The  larger  of  the  two  Chaves  I'a&s  rains  consisted  of  two  rectangu- 
lar parts  cotinected  by  a  wall  The  highest  booses  were  on  the  north 
side,  and  tbe  rooms  of  tbe  eastern  end  w«v  well  marked. 

Several  hnodred  skeletons  were  exhumed  from  tbe  i-emettaies  at  tbe 
Chares  Pass  rains,  many  of  which  were  brought  back  for  examtnation. 
These  were  of  the  biacbyeephalic  type,  the  mi^rity  with  well-marked 
artificial  fiattened  occipital  regions.  Ftihu  a  superficial  examination 
they  ap]>ear  to  resemble  those  of  the  Salado-Gila  rnius.  but  their  affini- 
ties will  be  discosseil  iu  a  special  memoir. 

Two  of  the  skulls  foond  in  the  excavations  at  Chaves  Pass  had 
frontal  and  facial  boues  stained  greeu.  I  suppose  this  was  dne  to  the 
&ct  that  copper  carbonate  was  placed  on  the  face  in  funereal  rites,  and 
that  after  decay  of  tbe  tissaes,  the  color  stained  tbe  bones  of  tbe  face. 

The  only  specimen  of  metal  found  iu  onr  digging  was  a  copper  bell 
fit>m  tbe  cemetery  at  Cbaves  Pass.  This  bell  was  found  ten  feet  below 
the  surface  of  the  grotmd  with  a  hamao  skeleton.  It  is  identical  with 
bells  found  iu  graves  in  Salado  Valley,  at  Casa  Graude  and  old  Mexican 
ruins,  and  has  the  same  form  as  the  clay  iniitation  described  by  me  from 
Awatobi,  in  '  '  la^t  year.     I  see  no  good  ground  for  tbe  sus- 

picion that  '^tes  Spanish  indoeuce,  for  its  form  is  identical 

with  those  by  Mexican  and  Central  Indians,  of  gold  and 

copper  pri<  of  tbe  Conqoistadores. 

llie  flat  forations,  which,  as  already  shown,  were 

-ked  int  raves  at  Homolobi  and  the  Chevlon  ruin, 

not  fc  *ass,  for  this  kind  of  stone  does  not  occur 


MvTHic  Bird. 

(Food  bowl,  Cbaves  Pass,  Xo.  15TS68.) 
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there.  The  snrroandings  of  Cbftves  Pase  afforded  other  materials  to 
cover  the  graves.  This  region  fomisbed  logs,  which  were  generally 
used  in  coveriog  the  graves.  In  digging  into  the  cemeteiy,  we  invari- 
ably fonod,  at  varying  depths,  a  unmber  of  these  logs  laid  side  by 
side,  resting  on  stones  at  each  end.  These  logs  were  always  found  to 
cover  a  body,  souietimes,  two  or  more,  laid  at  foil  length.  Oftentimes 
these  log  coverings  were  hat  a  few  feet  below  the  surface,  and  again 
8  or  10  feet.  When  the  dead  were  bnrie<l  the  food  vessels  were  placed 
beside  the  body  and  bead,  the  logs  laid  above  the  corpse,  and  additional 
stones  placed  at  bofh  ends  of  the  covering.  The  weight  of  soil  above 
these  logs,  accumulating  for  a  long  time,  combined  with  decay  of  the 
wood  ill  many  instances,  had  pressed  down  on  the  bowls  so  heavily 
that  many  were  broken.  The  accidents  of  this  kind  to  the  mortnary 
pottery  of  the  Uhaves  Pass  rains  far  ontnambered  those  at  Homolobi 
or  the  Chevlon  rain. 

The  pigment  used  by  the  people  of  Chaves  Pass  in  painting  their 
mortuary  prayer  sticks  was  not  a  green  copper  carbonate,  bnt  the  bine 
azurite,  a  considerable  quantity  of  which  was  found  in  small  paint  pots 
in  the  graves.  The  other  pigments  which  were  found  were  yellow  ocher 
and  sesqnioxide  of  iron.  Implements  in  the  Chaves  Pass  rains,  uuwle  of 
bone,  were  particularly  fine,  the  best  of  which  were  made  from  the  I^ 
and  other  bones  of  the  antelope.  The  bones  of  the  wild  turkey  afforded 
suitable  material  for  bodkins,  awls,  needles,  and  tbe  like.  There  were 
several  bones  of  a  bird  made  into  implements  with  a  hole  punctured 
midway  in  their  length,  resembling  tbe  whistles,  tatSkpi,  still  used  by 
the  Moki  priests  in  their  secret  religious  rites.  There  were  likewise 
short  sections  of  bone  about  a  half  inch  long,  flat  on  one  side  and  round 
on  the  other,  upon  which  the  marking  of  a  r«tring  was  plainly  seeo. 
Apparently  these  were  once  tied  together  in  pairs,  bat  altboagh  I  found 
many  at  Awatobi  and  a  few  at  Sikyatki,  and  others  at  the  ruins  on  the 
Little  Colorado,  I  am  as  yet  ignorwit  of  thrar  |m>bable  use.  The  itkaU 
of  a  dog  was  found  in  one  of  the  graves. 

There  was  taken  from  the  ruins  of  the  Colorado  C'biqnito,  near  Wins- 
low,  and  from  Chaves  Pass,  a  type  of  ancient  poitery.  which  \iatt  never 
been  found  in  the  ruins  scattered  over  the  Moki  B<>fl^'ation,  It  is 
unrepresented  in  the  large  collections  from  Awatobi  and  Sikyatkr. 

This  kind  of  pottery  is  decorated  with  black,  brown,  or  red  lint- h  u-itk 
vhile  margim,  and  is  very  common  in  the  cemeteries  of  tbe  miuH  along 
tlie  Little  Colorado.  This  limitation,  which  subseiiuent  n»ieart:hm  may 
niodity,  indicates  a  well-marked  difference  between  old  Ilopi  pr>ttery 
and  that  of  the  uicient  Patki  peoples. 

The  pottery  from  tbe  Chaves  Pass  mins.  as  would  naturally  ^^e 
expected,  differs  from  that  of  the  ancient  rains  near  Walpi  even  mrtre 
thantfaatof  HomoIobiandtheChevIonruin.  TbeiiecnliarcreuD-yellow 
Vflre,  a  division  which  includes  more  than  90  per  cent  of  the  ancient 
Sikyatki  and  Old  Cuuopavi  ceramics,  is  hardly  represented  at  Oliave* 
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PaHg,  vhile  the  red,  tlie  black,  white  and  red,  and  the  white  aud  black 
divisions  make  up  the  great  minority  of  mortnaiy  vessels  from  this 
locality.  As  a  rule  these  vessels,  as  is  natiural,  are  sitnilar  to  the  ware 
irom  Uoinolobi. 

The  striking  figure  of  a  bird  on  the  interior  of  a  food  basin  of  red 
ware  is  no  doubt  one  of  the  ioDumerable  mythic  birds  which  figure  so 
couspicuoiialy  in  modern  Hojii  ceremonies.'  The  long  projecting  beak 
is  a  characteristic  of  many  masks  aaed  in  modern  presentations  in 
Katcina  dances. 

The  only  qaadraped  which  was  found  depicted  in  Chaves  Pass  picto- 
graphy was  a  representation  of  the  raccoon,  Lakana. 

This  animal,  like  many  others,  has  its  mythic  prototype  in  the  Hopi 
pantheon,  although,  as  far  as  known,  this  is  the  first  proof  from  objective 
evidence  that  it  was  conspicuous  in  ancient  pueblo  mythology. 

The  various  kinds  of  pottery  found  in  the  Chaves  Pass  rains,  and  the 
geometrical  designs  ni>on  them,  are  practically  identical  with  those  of  the 
mius  of  tlie  Colorado  Chiquito  (Homolobi,  Chevlon),  and  the  same  as 
the  fragments  which  I  have  seen  from  the  ruins  of  the  Verde  ViUley. 
If  similarities  of  this  nature  mean  anything  they  mean  that  the  people 
of  the  Yerde  Valley  and  the  lower  Colorado  Ghiqnito  were  formerly 
closely  related.  Trnstworthytraditionistsof  thePatki  familyat  WalfH 
told  me,  long  before  I  knew  of  this  resemblance,  that  their  old  men  nid 
their  anceatorg  built  the  pueblos  of  the  Verde  ValUy.^ 


DK80BIPTION  OP  THE  ANCIENT  PATKI  PEOPLK. 


I 


I  am  led  by  my  studies  of  these  ruins  to  the  following  conclusJona 
regard  to  the  ancient  I'atki  people: 

They  were  of  short  stature,  with  bracbycephalic  beads,  more  or  len 
distorted  by  pressure  in  infancy.  They  lived  in  pueblos  constmctei!  of 
clay  or  stone,  raised  oropa  of  corn,  melons,  squashes,  cultivated  cotton, 
and  made  garments  of  agave,  yucca,  cotton,  and  cedar  fibers. 

They  rarely  buried  their  dead  in  the  floors  or  walls  of  their  houses, 
but  generally  Just  outside  the  walls  of  their  pueblo,  only  a  few  feet 
away. 

For  ornaments  they  wore  shell,  bone,  and  turquoise  vnritmsly  worked. 
The  most  elaborate  forms  of  tliese  ornaments  were  shell  and  turquoise 
incrustations  on  wood,  shell,  lignite,  or  bone.  They  may  have  worn 
bone  aud  slicl]  ornaments  in  their  hair,  bat  the  women  before  marriage 
dressed  their  hair  in  two  whorls,  one  above  each  ear,  had  ear  pendants 
made  of  rectangular  fragments  of  lignite  set  with  turquoise,  bone  in- 
crasted  with  the  same,  or  simple  turi|uoiRe.     Both  sexes  had  armlets. 


'Soo  the  cercmouy  of  tho  Siiicalftko  (iiiil  (hu  Ziiui  ShalaVo.    The  forin.T  1  have 
doacribeil  in  thu  Fiftoeotli  Anniial  Report  of  the  BaT«an  of  Ainurioin  Ktlinology. 
'I  am  told  by  Dr.  Menrna  thiit »  Hopl  vinitor  to  Camp  Verde,  long  liefore  I  vrent 
uBafaii,  tuld  liim  tliut  "OldneB  Muki"  built  tbepn«bloaof  the  Uio  Verde. 
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wristlets,  and  finger  rings  made  of  the  marine  shell,  Pectunculug  gigan- 
teng,  sometimes  inlaid  with  stone.  They  made  basketry  like  that  still 
manufactnred  at  the  Moki  pneblos,  Oraibi,  and  the  Middle  Mesa,  and 
wrapx>«d  their  dead  in  coarse  matting  of  rushes  or  other  fibers. 

The  priests  made  elaborate  pahos  or  prayer  sticks,  some  of  which 
were  several  feet  long,  and  painted  them  with  yellow,  green,  blae,  red, 
white,  and  black  pigments,  the  same  as  those  ased  by  tbeir  descend- 
ants. They  prized  for  ceremonial  purposes  quartz  crystals,  stone  con- 
cretions, and  fhifnneots  of  obsidian.  They  were  acquainted  with  bells 
made  of  copper.  They  had  rattles  of  Sea  sliells  and  wore  fringes  of 
shells  on  the  margins  of  their  garments.  In  ceremonials  tbey  made 
ase  of  stone  slabs  painted  with  figures  of  animals  which  frequent 
water. 

The  warriors  were  armed  with  bows  and  arrows  tipped  with  stone 
and  obsidian  points.  They  had  mauls  and  clubs,  stone  hammers,  celts, 
and  axes.  They  made  needles,  bodkins,  and  awls  of  bird  bones,  ante- 
lope tibiie  and  ribs,  which  they  sometimes  carved  iu  imitation  of  animals. 
The  women  were  adepts  in  the  manufacture  of  earthenware  vessels, 
which  they  decorated  with  elaborate  figures  in  several  colors.  They 
were  familiar  with  the  art  of  glazing  pottery,  and  practiced  etching  of 
the  same  to  a  very  limited  extent. 

Tbey  buried  their  dead  just  beyond  the  onter  home  walls,  and 
deitosited  with  tliem  various  votive  offerings,  pottery,  basketry,  cere- 
monial and  other  paraphernalia,  having  first  painted  the  face  and 
wrapped  the  body  in  matting.  Over  the  grave,  as  environment  dic- 
tated, they  placed  square  or  rectangular  perforated  stone  slabs,  or 
covered  the  corpse  with  cedar  logs  resting  on  stones  at  either  end  and 
weighted  with  tlie  same  at  the  extremities. 

In  their  mythology,  the  symbols  ou  their  pottery  indicate  that  tbey 
recognized  the  snn  and  spider  as  powerful  deities.  They  worshipped 
the  rain  clouds,  lightning,  snake,  tadpole,  frog,  and  various  mythic 
birds.  The  designs  on  their  pottery  was  similar  to  that  of  the  ancient 
Tusayan  people;  broken  encircling  bands,  terraces,  spirals,  and  zigzags 
were  common.  The  leaf  or  flower  was  not  used  in  artistic  decorations, 
and  human  figures  only  sparingly  copied.  They  entertained  an  idea 
of  a  fiitore  life,  and  associated  the  dead  with  rain  gods.  With  the 
deceased  they  deposited  votive  offerings  in  food  vessels,  and  buried 
costly  (to  them)  property  with  the  defunct. 

onSoPAVi. 
The  discoverers  of  Tnsayan  in  1540  soogbt  "seven  cities,^  but  there 
is  no  evidence  that  tbey  found  more  than  five,  for  the  narratives  of 
visitors  in  the  sixteenth  century  discredits  the  vagne  report  of  seven 
Tnsayan  pueblos.  At  the  time  Tobar  visited  this  province,  and  for 
a  century  later,  there  were  probably  only  Ave  pueblos  on  what  is  now 
*^ed  the  "Moki  lieservatiou."    These  villages  were  Awatobi,  Walpi, 
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MiooSinoTl,  Gnfiopavi,  and  Oraibi,  names  which  cui  all  be  recognized 
in  Esp^o's  list  of  1583. 

Of  these  pueblos  the  first  mentioned  has  been  destroyed,'  and  the 
last  stilt  occapies  its  ancient  site,  while  the  otiiers  have  beeu  moved  to 
the  tops  of  adjacent  mesas. 

Old  Gnnopavi,  or  "Cumopabi,"  as  it  was  known  in  ewliest  reootds, 
was  sitntited  in  the  foothills  near  the  spring  east  of  the  me.'ia  od  which 
stands  the  present  pneblo.  The  remnants  of  the  ancient  bonse  walls 
indicate  that  it  was  a  village  of  considerable  size,  and  of  iin  old  archi- 
tectural ty])e.  It  had  a  mission  in  the  early  days,  the  walls  of  which 
are  now  used  as  a  sheep  corral.  The  cemeteries  of  old  Caiiopavi  were 
very  extenijive,  some  situated  near  the  old  walls  and  others  more  distant 
A  tract  of  sand,  about  a  half  mile*ast  of  the  town,  was  a  burial  place, 
which  is  thought  to  have  been  used  by  the  old  Cniiopavi  people. 

We  catiiped  on  the  edge  of  this  cemetery,  an  near  as  we  could  get  our 
wagon  to  the  spring,  and  I  began  work  with  high  hopes  of  success.  I 
wiis  aided  by  a  large  force  of  native  worknieu  from  Walpi,  bnt  was 
obliged  to  susi>eiid  my  explorations  after  two  very  remnnerative  days' 
work,  dnring  which  over  one  hundred  and  twenty  beautiful  xiieces  of 
iwttery  bad  been  exhumed.  The  chief  of  Cniiopavi,  incited  by  the 
chiefs  of  Micohiuovi  and  Gipaulovi,  he  said,  objected  to  my  digging  in 
the  ancient  cemeteries  on  the  ground  that  such  work  wonld  create  ^rreat 
winds  which  would  blow  away  rain  clouds  and  thus  deprive  them  of 
rain  for  their  farms.  lie  likewise  stated  that  disturbing  the  graves 
would  incense  Masaufib,  the  god  of  death,  and  kill  the  little  children. 
After  a  long  talk  with  the  CuiJopavi  chief,  Xacibiptewa,  whose  feeliugs 
I  respected,  I  came  to  the  conclusion  that  the  time  was  not  yet  ripe  for 
archiKological  work  so  near  the  inhabited  pueblos.  The  necropolis  of 
Old  Cuiiopavi  is  one  of  the  richest  in  scJentiAc  treasures  in  Tusayan, 
aud  will  sotrie  day  yield  to  the  student  a  wealth  of  material  destined  t» 
throw  a  flood  of  light  on  Tusayan  cults  and  customs  in  prehistoric  and 
early  historic  times.' 

The  pottery  from  Old  Oufiopavi  is  most  closely  allied  in  testnre,  color, 
and  symbolism  to  that  of  Slkyatki,  the  best  in  the  Southwest.  This 
ware  is,  as  a  rule,  cream  or  yellow  colored,  very  smooth,  made  of  flne.>tt 
paste,  but  never  glazed.    No  specimen  of  the  red  ware  whicli  forms 

'SuiitbBODiaii  Report,  1895:  Coronado  aoDght  "seven"  cities  of  Ciliula  or  ZuAi, 

and  Caatiiilocla,  Alcttoliam,  ami  otben  said  that  Cibola  bad  tliat  nnmlwr.     JuramiUo, 

howi'vor,  B|)eBkB  of  bat  five  paeblos  in  Cibola.     Camaacndo  mentions  six.  and  a  Ibw 

ji-ars  later  E8i>cjo  gives  iiames  of  the  same.    In  Oflate's  act  of  obediuoce  io  l.'jSS 

f.•^J^  Biv  "imblos  aro  uontioned.    To  reconcile  CsstaHoda's  aad  Onat«'s eunmcTatiOD, 

Tisidered  it  "ns  probable  that  one  village  was  abandoned  within  furty 

Touiulo's  departure;"  bnt  JaramiUo.  who  gathered  bis  data  "oD  the 

with   CastaHeda  on  Coronado'a  firpedition  wrote,   "  Hay  en  est* 

>ln,  finco  pneblezuolos,  etc."    Modern  ro-soiirch  has  uot  yet  di'mon- 

ado  found  "sevim"  pnobluR  in  Cibola  or  Zuiil. 

-action  was  takea  from  tbio  locality  In  the  spring  of  1897,  aud  sold 

biau  Maaenm. 
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such  a  conspicnons  featnie  in  tbe  Colorado  Cbiguito  pottery  woe,  found, 
and  there  vere  only  two  specimeua  of  black  and  wbite.' 

A  ranch  larger  namber,  proportionally,  of  bowls  decorated  with  fig- 
ures of  mythic  personagea  were  found  at  Cnnopavi  than  in  the  Winsiow 
ruiDH,  the  proportioDB  being  about  the  same  as  at  Sikyatki.  From  what 
we  know  of  ancient  Tusayan  ware  and  its  decoration,  I  believe  that  its 
specialization  in  decoration  shows  an  advancement  over  all  other  quar- 
ters of  the  paeblo  area,  and  that  the  iwtters'  craft  in  tliat  province 
in  prehistoric  times  was  more  highly  developed  than  elsewhere  in 
the  Southwest.  The  varieties  of  pottery  found  in  Cuuopavi  include 
the  coai'se-coiled  patterns,  cream-colored  and  blHck  and  wliit«.  The 
cream  ware  was  very  smooth,  but  without  glaze,  which,  however,  forms 
a  well-marked  feature  of  certain  specimens  from  tbe  three  Homolobi 
ruins. 

No  form  of  pottery  was  found  which  was  essentially  diflerent  from 
those  taken  at  Sikyatki,  and  the  mode  of  bnrial  appears  to  have  been 
identical  in  the  two  pueblos.  Ooiisideriug  tbe  decorations  as  so  much 
pictorial  material,  I  iiud  little  variation  in  geometrical  patterns  used  in 
Sikyatki  and  Cnnopavi  or  the  Homolobi  group  of  ruins.  Tlie  drawings 
of  animals  differ  somewhat  from  those  of  the  latter  region,  and  my  col- 
lection in  a  way  supplemeuts  tbe  known  ancient  Tusayan  paleography. 
As  with  the  decoration  of  other  prehistoric  Tusayan  ware,  figures  of 
mythic  birds  predominate  over  those  of  other  animals,  and  the  feather 
is  a  constant  feature  in  oruameutatiou.  I  have  introduced  copies  of 
some  of  the  more  striking  or  novel  forms  of  animals  represented  in  tbe 
ancient  Ouiiopavi  ceramics. 

One  of  the  most  striking  designs  on  the  food  vessels  evidently  repre- 
sents a  bird  with  elongated  beak,  a  tuft  of  feathers  on  the  head,  and  an 
elevated  wing.  On  the  throat  there  is  a  figure  of  a  terraced  rain  cloud, 
and  the  three  feathers  of  the  tail  are  represented  in  false  perspective. 
Tbe  significance  of  the  ring  is  unknown  to  me  in  this  connection,  althongh 
tbe  circle  is  at  present  a  symbol  of  the  horizon.  A  more  conventional- 
ized figure  of  a  bird  from  another  food  basin  has  wiugs  and  tail,  hot  a 
remarkable  bead,  which  represents  a  mask.  The  face  fs  represented  by 
arain-cloud  figure  with  parallel  lines  over  the  mouth  resembling  falHng 
rain.  Above  it  tfaere  is  tbe  conventionalized  symbol  of  the  dragon-fly. 
Tbe  appendages  to  tbe  sides  of  the  mask  recall  those  still  used  at  2uiii 
and  Walpi  in  tbe  personifications  of  Eatcinas.  The  born  on  one  side 
and  tbe  rectangnlar  api>endage  on  the  other  suggest  tbe  personage 

'Tbo  tine  yellow  wnrc-,  wliirh  we  may  call  Tnsayao  wuro,  is  limited  to  the  rnina  of 
moilEni  Tuaayaii.  In  the  area  where  it  ia  found  the  ceromic  art  roucbi'd  a  very  high 
de^Teit  of  perfection,  and  the  BymlioHc  decorntioDH  sbow  a  higher  development  tbiin 
■nynheTo  else  anioog  the  ancient  people  of  the  Southwest,  The  pottery  of  the  Colo- 
TodoChiquito  ruins,  In  whicli  I  inclnde  those  of  the  ancieut  vilingea  of  the  hunks  of 
the  Zafii  River,  ia  red  in  color,  roatser  in  textun',  and,  as  a  rnle,  sirapliT  in  nymliolic 
decorations.  Tfaje  ware  may  be  known  us  tlir  Little  Colorado  ware,  which  haa  many 
advantage*  over  the  uomeDClaturo  "ancient  Znfii  ware." 
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called  Caiastaca.  Figrares  which  can  be  referred  to  Katcina  maakB  an 
rare  in  the  most  ancient  Tosayan  paleography,  which  has  led  me  to  a 
belief  that  this  colt  is  a  late  iatrodDGtioD  among  the  Hopi.' 

The  two  fignres  on  an  adJEUwnt  plate  represent  a  tme  SikTatki  style 
of  ornamentation,  Tariations  of  which  can  be  traced  with  great  clear 
ness.  bat  which,  as  far  as  I  know,  have  never  been  found  oatside  the 
present  boundaries  of  Tusayan.  These  figures  represent  a  sj-mbolir 
bird,  highly  conventionalized,  bat  with  taU  feathers,  wings,  and  part 
of  the  body  easily  distinguished.* 

A  single  specimen  with  the  decoration  of  a  reptilian  figure  was  fonod, 
and  this  was  pronounced  by  Kopeli,  the  Snake  chief,  to  represent  the 
Plumed  Serpent  The  design  had  little  likeness  to  the  symbolism  at 
present  adopted  to  distinguish  this  mythic  monster. 

Uoitine  in  the  collection  from  CnilopaTi,  and  very  rare  in  ancient 
pueblo  pottery,  are  two  food  bowls  fhmished  with  spoats.  One  of  these 
has  depicted  upon  it  a  mythic  bird  very  much  couventJooalized,  and 
t^e  four  reecls  of  a  game  of  chance  still  in  vogue  among  the  Zniiis.' 
The  reeds  used  in  this  game  I  have  already  referred  to  as  found  at 
Chevlou. 

The  figure  of  a  bird  with  a  long  upper  beak  recalls  the  parrot,  a  bird 
so  often  nstid  in  decoration  of  pottery  farther  south,  and  whose  feathen 
are  so  highly  pri/,ed  for  ceremonial  purposes.  The  two  feathers  whicti 
project  from  one  side  bear  the  conveDtional  marks  of  tlie  breast  feather 
of  the  eagle. 

The  two  bowls  in  the  following  plate  are  highly  conventionalized,  bat 
the  figures  evidently  represent  the  tail  and  two  wings.  The  star  is 
associated  with  the  great  harpy,  Kwatalia,  whom  I  have  shown  to  be 
one  of  the  prominent  mythological  characters  of  ancient  Sikyatki.* 

The  Cnfioiiavi  pottery  is  most  closely  related  in  symbolism  to  that 
of  Sikyatki.  and  is  very  similar  to  that  found  at  Old  Walpi.*  Its  like- 
ness to  the  {wttery  of  Awatobi  is  more  distant,  and  the  same  is  true  of 
Sikyatki,  for  the  ancient  pottery  of  Awatobi  is  closer  than  to  either  the 
mins  of  llomolobi,  Clievlon,  or  Chaves  Pass.  This  resemblance  is  sug- 
gestive, and  may  later  be  shown  to  mean  a  closer  resemblance  of  the 
people  of  Awatobi  to  those  of  the  south  than  is  now  suspected. 

'  Tbp  Kati-ina  mil  in  Ta&>;an  i»  intiinktelj  naaociated  with  tli«  Honani  or  Badgei 

-From  the  rloeeDcs.-:  in  tymliolism  anil  the  resemblancM  in  the  charartcr  of  the 
ware  tLsre  ''eemB  ev.T.v  ifiison  to  helieip  that  Old  Cufiopavi  waa  iohabited  •jurhru- 
noasly  with  Sikjralki.  The  btstorickl  artcument  does  not  pievenl  an  aiMeptaorr  of 
thia  conrltiaioii. 

=  S*^  '  -count  of  Zulli  ganiea,  Popnlar  Science  Monthly,  1894.     Tbo  sym- 

boli  on  tbe  foml  baain  nitb  the  foar  reeds  is  a  patron  of  gamblera. 

''  '  have  nitiiy  lef^iida  oonnected  with  thia  barpy ,  or  bird  moDstcr. 

'  -d  of  two  pnebloa  aitnated  on  the  t«rr*ce  b«low  the  eaet  mesa, 

'<  abiteil  liy  the  ancient  Wklpiane.     The  latter  liM  to  the  north, 

of  the  present  pneblo.  where  ejiteusive  ground  floors  are  xtill 
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Onr  excavations  at  old  Onfiopavi,  iotermpted  in  their  inception,  were 
too  small  to  betray  mncli  of  ancient  cnHtoms,  but  we  found  in  tlie 
^aves  snch  a  close  resemblance  to  those  of  Sikyatki  that  there  mast 
have  been  a  strong  likenesB  between  the  two  peoples.  Tl»e  decorations 
on  pottery  are  closer  to  those  of  Sikyatki  than  to  that  of  Walpi  or  tbe 
Middle  Mesa.  CuiinpaTi  is  no  longer  a  pottery-making  pueblo  to  tbe 
same  extent  as  Oraibi  and  the  East  Mesa,  but  in  old  times  this  condi- 
tion does  Dot  seem  to  bold. 

CONCLUSION. 

lu  order  to  show  the  advance  made  iu  the  interpretation  of  the 
problem  of  the  origin  of  the  Oopi  Indians  by  the  iieldwork  of  1896,  it 
may  be  well  to  close  my  report  with  a  summary  of  tlicoretical  results 
obtaiued  by  the  expedition.  The  objective  material  collected  demon- 
strates that  ancestors  of  some  Uopi  clans  lived  iu  ancient  times  on  the 
Colorado  Ohiquito  and  at  Chaves  Pass,  over  a  hundred  miles  soutli  of 
Walpi,  a  few  miles  from  the  head  waters  of  the  Gila  Salado  drainage 
area.  Tbe  material  from  the  most  southern  ruiu  examined  is  almost 
identical  with  that  from  the  Verde  Valley.  The  step  whicli  remains  to 
be  taken  is  a  searching  investigation  of  the  ruins  from  the  crest  of  the 
Mogollones  south  to  the  great  ruins  near  Tempo  and  Ph<i'nix.  When 
that  is  done  we  will  have  what  has  never  been  done  before  in  south- 
western archicology,  the  tracing  of  a  migration  legend  of  a  pueblo 
people,  step  by  step,  by  archicological  methods.' 

The  material  collected  from  the  Chevlon  ruin  ^hows  that  some  Zuni 
clans  probably  formerly  lived  farther  down  the  river  than  tlieir  descend- 
ants do  at  preaeut,  and  that  their  culture  was  almost  identical  with  the 
ITopi,  who  lived  iu  the  neighborhood  or  possibly  in  the  same  pueblo. 
The  argaments  bearing  on  this  conclusion  can  be  satisfactorily  state<l 
only  by  a  technical  discussion  of  the  material. 

Studies  of  the  habitations  of  the  ancient  i)eople  of  the  soutliwest 
have  shown  me,  as  stated  in  my  report  for  1895,  that  the  cnlture  of  the 
people  who  bnitt  cliff  houses,  cavate  dwellings,  and  villages  in  tbe 
plains  or  on  mesa  tops,  was  the  same,  and  tliat  these  different  architec- 
tural strnctures  are  adaptations  to  environment.  I  am  convinced,  from 
my  studies  in  1896,  that  the  color  and  cliaracter  of  ancient  pottery 
follows  a  similar  law,  and  varies  according  to  tlie  material  cm])loyed. 
In  other  words,  that  a  classification  of  pottery  by  colors  is  purely 
arbitrary  and  useless  in  st^parating  difTerent  pueblo  i>eople.  The 
character  of  the  symbolism  is  more  important. 

'  Uin»rl)e  HiigKOBtivo  to  ahowlbat  tlie  riiin«  nt  ChuveBpa«sarelwice  tlieilistiince 
from  Walpj  thnt  they  Are  ftom  Caaa  Montezuma  in  the  VurdeVullcy,  anil  almosl:  mid- 
vaj'  betwi-eo  tlic  praseot  Tusajan  pnebloa  and  tfaosc  ucur  T<'nip<;,  war  the  Salatlo 
KivBT,  in  BontbeiD  Arizona.  The  ruin  nt  RattleKiiakr  Tanks,  wliiih  I  have  not  atnd- 
led.  lies  midway  between  the  Verde  mluB  iind  those  nt  Chaves  Pass,  on  (be  traiL 
WDuecting  them. 
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WAS  PRIMITIVE  MAN  A  MODBEN   SAVAGE! 


By  TiLcoTT  Williams. 


The  early  primitive,  primeval  past  has  three  witneBses — ita  early  tra- 
dition, coDscious  and  uuconscioua ;  archieological  research  iuto  its 
remains,  and  the  anthropological  study  of  existing  savage  and  barba- 
rian raves.  Theae  three  sources  sum  onr  knowledge  of  the  beginnings 
of  things,  it  is  the  current  tendency  to  cliallenge  the  value  of  tradi- 
tion, to  exalt  tlie  value  of  inferences  drawn  from  anthropology,  and  to 
interi'i'Ot:  all  archmologicul  discovery  in  the  light  of  our  knowledge  of 
the  savage  of  to-day.  His  study  has  played  the  same  part  in  deter- 
mining our  view  of  the  dawn  of  history  as  has  the  study  of  the  lower 
organisms  in  determining  our  conception  of  theorigin  and  development 
of  the  human  species.  Both  have  been  accepted  aa  repeating  in  their 
present  activity  the  unknown  past.  From  both  have  been  drawu  the 
inferences  on  which  Te»t  current  theories  as  to  the  begiuniugs  of  his- 
tory and  the  descent  of  man. 

The  value  of  both  methods  of  study  is  not  altered  because  it  is  neces- 
sary from  time  to  time,  with  new  knowledge,  to  readjust  our  i>ast 
application  of  recorded  facts  to  an  unrecorded  past.  Tbis  perpetual 
readjustment  between  our  knowledge  of  facts  and  our  application  of 
them  is  the  measure  of  tlie  jtrogress  of  science.  In  all  fields  it  inex- 
orably proceeds;  in  all  it  marks  nut  reaction  but  growth.  If,  in  biol* 
ogy,  the  recapitulation  theory  is  less  implicitly  accepted  than  it  once 
was,  as  spelling  all  the  riddle  of  fetal  changes,  it  is  not  because  less  is 
known  of  embryology,  but  more.  If  new  controversies  as  to  the  plas- 
ticity of  the  early  cell  and  as  to  the  capacity  of  all  cells  either  to  acquire 
or  transmit  hereditary  or  acquired  iiiduences  postpone  the  solution  of 
some  of  the  issues  of  life  whose  discovery  seemed  near  twenty-hve 
years  ago,  it  is  not  because  the  true  solntiou  ia  more  distant  than  it 
once  was,  but  because  it  is  nearer.  The  readjustment  which  has  been 
necessary  in  biology  in  employing  the  lowest  organisms  to  explain  the 
origin  of  hanian  life  is  equally  necessary  and  equally  probable  in  the 
attempts  to  explain  the  origin  of  human  society  by  the  use  of  the  low- 
est forms  of  organized  society.  These  attempts  have  left  on  us  all  the 
impression  and  image  of  the  progress  of  man  as  beginning  with  a  sav- 
age— bestial,  degraded,  and  repulsive,  lower  than   the  lowest  now 
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explanatory  field  la  myth, 

samptioD,  first,  that  canni- 

raa  priniitive,  though  the 

rea  of  recent  iutroduction 

:aDnibaliBni  and  its  other 

_  :  L-siil,  is  it  not  fair  to  ask — 

lecently  monogamous  and 

>re  we  are  fully  persoaded 

id  ape  which  aspired  from 

;<.u  traits,  into  the  savage 

''s  him  T 

.  g_  ns  remember  it  is  only  an 

jff  ,  ^_  s  primitive  man,  aud  this 

1"  ^*^  \  not  only  that  the  modern 

iait'-  ire,  but  that  they  are  also 

fi^i-  -       ■     ■*■  ,^  ji^  j.jig  p^^  ^^^  j,j^g  other 

^p  '^-  hi  one  most  important  par- 

•jT.  '  -ondition  is  similar;  quite 

^.  •  -  presaure.     In  Australia, 

^^-  ■'"-  li^siccated  aud  desiccating 

-  liis  made  the  struggle  for 

*"'_       /                                                "'t.  ively  receut  period.    The 

*!^^    ^  xignous  iuBular  territory. 

*  '"  "*"                                                      •■  ..  .  libal  pressure,  sttmnlated 

ff**                                                          •*-..  ''land  and  tropical  world. 

jirH^^  '■,  relieved  by  obstaek^s  of 

af!  *■     _                                         •      ._.  ively,  the  coast  line  is  in 

.,  -rrts  many.    The  Kskimo 
-  the  modern  savage  is  or 

'>l  the  barbariiiu  that  each 

•      ^^  Deterioration   succeeds 

"*'       ^^    ^      -  __                                 (/,cd  man  may  he  at  his 

^'  ^  ^^          ■  -^          '                             ''  needs  of  a  cold  winter 

***''*     -^--^  liviliaed  capital;  or  the 

,        ,1-  .  _.                                             'T  the  pressure  of  trans- 

««=**   '^       .  ^                                              ,      i       ,j                 ,     , 

-  .as:,.      .  Iieat,  cold,  a  snare  food 

,    ^       ^^  iighbors,  a  saviige  or  a 

J**  "*  ^      .  ^j^          ,      .     '  '  it  some  opportunity  for 

f *■  *•"  ■■                                           '  ^seutial.     Nowhere  is  it 

(art"*-'**"'*'  "^^                "■  liii  for  him  than  on  this 

Mq'*?'*^*'^'''— *"'     ^^^  ■■-■  -  il  a  late  period,  there 

«ji»i/jBwttJ'«ri*'"*"    ■-    ■  ,,,  pressure  of  civilized 

j,iwfii»a(i«>«si"'  --i- '  '^'  civilization  ia  Mexico, 
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Everywhere,  then,  the  Hnvage  and  barbarian,  who  U  held  np  ud 
miiTor  and  reflex  of  uor  past,  is  under  pressure.    Where  the  climau 
unfriendly  this  pressure  is  due  to  nature;  vhere  the  climate  is  fiiendl 
to  mau.    Primitive  man  may  also  have  been  under  this  altcnati 
pressure.     It  is  possible  that,  before  the  first  halting  steps  were  ti^ 
which  carried  mau  from  savage  to  barbarous  life  ajid  set  his  feet  in  t| 
path  that  led  to  civilizalion,  the  earth,  or,  to  be  more  accurate,  tl 
Kuro-Asiau  continent  along  the  belt  vhere  physical  conditions  ti 
favorable,  was  already  fnll  of  men.     But  is  it  not  more  probable  tk 
it  was  empty  T     The  relics  of  paleolithic  pian  point  to  wanderii 
and  to  scattered  centers  of  activity  and  population  rather  than 
a  universally  diffused  population.    Much  must  be  collected,  coDatvi 
and  studied    before  this  <iuestion  can  be  nubesitatiugly   answer^ 
one  way  or  the  other.    A  slender  population  existing  tl  i-ongh  Ion 
eras  will  leave  as  thick  a  deimsit  of  stone  implements,  for  distance,  i 
would  a  lai'ge  population  in  a  short  time.    The  former  sec  us  a 
Itrobnble  proiiosition  and  a  more  reasonable  deduction  than  tlie  latu 
The  balance  of  proof  and  probability  are  for  an  empty  earth  in  th 
regions  where  civilization  began  at  some  date  which,  for  oar  preee) 
puriwso,  it  is  unnocesaary  to  tiz  precieelyj  but  which  few  would  b 
inclined  to  place  earlier  than  10,000  B.  C,  and  most  at  about  6,00i)  B. 
0.,  or  within  a  milleuium  of  this  period.    The  early  savage,  as  he  be^ 
in  some  fovorablo  site  the  germinant  origins  of  civilization,  would, 
therefore,  be  without  pressure,  and  to  pressure  much  in  Lhe  modero 
savage  muKit  bo  attributed.    Around  each  of  these  early  centers  for  civili- 
zation would  stretch  itn  clastic  zone  of  unoccupied  and  for  many  genera- 
tions uiulcsired  territory.    Into  this  elastic  zone  each  tribe  which  began 
to  ascend  into  civilization  in  some  river  valley,  island,  coast,  or  ran^^e 
would  grow  without  pressure  and  without  antagonism.     The  trader 
would  croHs  this  zone  before  tbo  war  party  penetrated  its  friendly  pro- 
tection.    l''or  three  early  and  favorable  uests  of  primitive  culture— 
whether  the  first  or  which  was  the  first  I  do  not  assume  or  assert — in 
Hu'  ICuphratcs  Valley,  in  the  Nile  N'alleyjaud  in  southern  Arabia,  special 
physical  conditions  empliasi7:e  the  protection  which  this  elastic  zone 
onLT^Hl.    reitce,  not  war,  woulil  be  the  uormal  condition  of  these  aute- 
cudent  communities  in  which  the  flower  of  savage  life  was  setting  into 
barbarism  and  slowly  fruiting  into  civibzation.    Each,  surrounded  bf 
an  empty  space,  would  develop,  untouched,  for  many  centuries,  and  its 
culture  would  bo  fostered  by  peace  and  not  forced  by  war.    Marriage 
by  capture  would  be  rare  or  unknown.   The  family  would  early  develop. 
Woman  would  come  to  occupy  a  far  higher  position  than  in  tribes  under 
the  pressure  of  modern  savage  lite,  where  she  is  the  booty  of  the  strong 
and  the  drudge  of  the  successful  warrior.    In  the  happy  and  fortunate 
but  not  improbable  isolution  (hie  to  a  sparsely  settled  earth  about  and 
a  well-settled  territory  within,  the  separate  ownership  of  land  would 
ly  develop  and  bring  with  it  the  arte,  the  leisure,  and  the  culture  of 
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te  laudowuer.  The  prieat  in  a  oummunity  bo  HJtaated  would  occapy 
higher  position  tbau  the  warrior.  Kemoved  fhjm  strife  and  pro- 
idtetl  from  attack,  the  early  type  of  religion  would  develop  a  benelioeut 
ew  of  the  Deity.  Mouism  in  some  monotheistic  elinpe  would  become 
te  dominant  and  interpretative  bat  not  the  excloBive  form  of  national 
lith,  liecaHse  an  homogeDeons  concentric  national  growth  would  long 
aintain  the  supremacy  of  the  central  ahrine.  Government,  would  be 
3nigD.  Conqaest  would  not  be  its  chief  objec't.  bccnaxe  about  and 
ithont  wonld  be  no  tempting  object  of  attack.  The  arts  would  lloarisb 
ad  it  might  easily  be  that  some  Sheikh  el  Beled,  sach  as  now  stands  in 
ood  at  Cairo,  or  some  scribe  and  architect,  such  as  sat  at  Tellah  and 
ow  sits  in  the  Lonvre,  would  surprise  as  by  an  achievement  in  8«ulp- 
ire  which  later  geuerationa  were  not  deatiiie<l  to  equal.  This  is  not 
oly  x^**^^i^'^i  ^B  ^^  hypothesis,  if  an  empty  earth  spreiul  an  clastic 
one  about  each  favored  and  favorite  nidas  of  civiliKHtion,  but  I  unhesl- 
ktiDgly  appeal  to  every  student  of  the  early  stages  of  Babylonian, 
igyptiao,  Arabian,  and  Chinese  civilization  if  the  development  which 
have  sketched  does  not  more  nearly  meet  the  known  and  re<roi-ded 
acts  of  the  dawn  of  the  history  of  each  than  does  the  assnmption  that 
.  savage  possessing  the  culture  of  the  Papuan  or  the  negro  was  slowly 
•repared  by  perpetnal  tribal  war,  by  brntal  sexnal  relations,  and  by 
error- stricken  saperatition  for  the  upward  ascent  of  man. 

[n  da'e  time,  it  is  true,  the  elastic  zone  would  be  taken  up  by  the 

ncreaae  of  popnlatioD,  external  and   intemaL     War  and  conquest 

voald  come.    The  stractore  of  the  stale  woald  be  remodeled.    The 

warrior  king  woold  move  to  the  head  of  the  state  and  exercise  the 

despotic  direction  of  its  affairs.    Earlier  liberties  would  disappear. 

Arts  and  indnstaries  would  deteriorate.    The  national  religion  wonld 

divide  into  polytheistie  conc^tioufl.    It  woald  gain  in  ferocity  Mid 

(r^anization  and  lose  in  elevation  and  ethical  character  exactly  as 

bould  the  commtuiity  itselC     Witli  conflict  and  concjuest  slavery  and 

polygamy  would  play  a  larger  share  in  the  national  life.    The  dangers 

nd  debauch  of  war  wonld  ntimnlatf  sopovtition.    The  miUtant  would 

ncceed  the  indastrisl  type  of  soeie^.    In  short,  there  would  come  the 

rcdse  deterioradoD  is  the  national  activities,  conw-ieoce,  and  ctn- 

tionsness  which  is  perceptible  is  both  Babylonia  and  Kgyitt  an  out^^r 

Dntrast  begins.     In  the  praeot  state  of  our  koowledge,  in  whith  Die 

lim  perspective  of  eentories  too  ofteo  crowds  togctho-  in  our  dis<-tii 

ion  dates  widely  disparate,  it  is  not  poisaible  definitely  to  determine  tlie 

precise  time  of  this  change,  bat  that  some  Huch  downward  movement 

team  ID  both  ooamtries  sosiewbere  betveeu  and  about  three  thousand 

e  bandred  to  two  tbousaod  Ave  hoixired  yearn  before  ChriKt,  no  one 

I  think,  be  inclined  to  deny.    Aa  the  earth  fills  aUo  a^Miat  tlierie 

rlj  centers,  tliere  begins  to  &n  on  tlaetr  records  the  prei^sure  of  inxt- 

ibieoractnal  eooqaeet  bxiia  vitlioal.    Hew  cruehies  a]>i*««ir.  a  hivtr 

il  temper  and  blnnted  laixalitj',  witli  a  host  of  thoM:  sujKTsiJtiouM 
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isdicia  which  have  been  deemed  the  signs  and  eutrival  of  a  savftge 
ori^n,  bat  which  in  the  secondary  stage  of  these  commonities  and  in 
the  modern  savage  are  the  product  of  preasare,  and  not  the  normal 
fruits  of  the  primitive  development  of  man. 

Mnch,  inecrotahle  and  inexplicable  on  the  theory  that  all  in  ancient 
and  much  iti  modern  cnltores  is  to  be  explained  and  read  iu  the  light 
and  lesson  of  the  debased  savage,  becomes  rational  and  lamiuuas  on 
the  theory  jnst  sketched,  whioh  allows  for  the  absence  in  primitive 
culture  of  the  precise  pressure  under  which  the  modern  sa\'age  lives 
and  baa  lived  for  generations,  and  throagh  which  he  has  become  what 
he  is.  The  golden  age  of  peace,  virtne,  and  justice,  which  api^ears  in 
every  popolar  mythology,  and  which  it  is  at  once  crude  and  anscieiitific 
to  dismiss  as  a  myth,  sqnares  itself  with  the  development  just  described. 
The  diffusion  of  primitive  myths,  primitive  culture,  and  primitive  com- 
merce becomes  easily  explainable  when  we  remember  how  freely  among 
such  isolated  communities  the  trader  would  pass. 

We  know  that  he  thus  passed  among  American  Indian  tribes.  The 
native  copper- gold  alloy  of  Bogota  has  been  found  in  pre-ColumbiiUi 
ornaments  in  south  Jersey.  Kative  copper  of  Michigau  waa  carrii-d 
all  over  the  continent,  and  the  conch  shells  of  its  sea  coast  pcuetrateil 
to  its  center.  The  turquoise  of  our  southwest  is  found  in  ancient 
graves  a  thousand  miles  away.  In  the  old  world,  the  difl^ioo  of  jade 
in  prehistoric  times  is  a  familiar  and  typical  example  of  like  pheiiomena. 
Tin  foiiud  at  opposite  extremities  of  Europe  and  of  A«a  spread  over 
all  the  space  between,  the  terms  of  the  two  extremities  meeting  near 
the  Irauic  plateau.  Copper  from  the  Biscayan  mines,  the  mines  of  the 
Atlas,  and  the  carbonate  of  copper  of  tlie  Taurus,  spread  over  all  weet- 
ern  Asia  and  Europe.  Such  commerce  would  be  ira{>088ible  if  the  sav- 
age were  in  perpetual  tribal  war,  but,  as  a  matter  of  fact,  with  our  own 
American  Indians,  the  instant  the  zone  of  pressure  caused  by  infiiuging 
civilization  is  passed,  there  is  found  the  utmost  freedom  for  the  trader 
who  moved  witli  relative  and  remarkable  secority  between  tribes  at 
war  and  with  complete  safety  between  tribes  at  peace.  Nor  can  any 
one  who  has  been  fortunate  enough  to  break  the  bounds  of  civiliza- 
tion and  leave  behind  bim  its  frontier  of  hate  fail  to  be  struck  with 
a  new  attitude  toward  the  stronger  and  a  hospitality  which  Iiteratai«, 
wiser  than  authroirology,  has  justly  termed  a  primitive  virtue. 

So  with  the  diffusion  of  myth  and  cnstom.  To  our  thonghts,  fall  of 
the  wars  of  history,  and  our  imagination,  affected  by  the  specter  of  strife 
as  the  normal  condition  of  the  savage,  isolation  seems  the  charactarietic 
of  primitive  cultnre.  Communication  was,  however,  probably  l^«er  thHO 
at  a  lat«r  period,  when  conflicting  frontiers  had  turned  bospes  iato 
hostis.  Once  diffused,  however,  the  new  frontiers  which  divided  what 
had  once  been  an  elastic  and  easily  penetrated  zone  prevented  fUrt^tf 

tercomnianication,  and  this  may,  perhaps,  explain  so  much  which  is 
dar  In  the  "fauna"  of  religions,  but  an  insularity  which  at  so  many 
its  hints  an  early  continental  commuuicatioD. 
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The  savage  tlieory  of  primitive  caltnre  is  forced  also  in  such  records 
aa  exist  of  early  times  to  lay  great  streea  on  incidents  and  accidents,  . 
the  petrifactions  of  the  narrative,  and  to  attribute  the  main  majestic 
current  of  historical  record  to  the  myth-making  faculty.  This  is  con- 
veuieut.  It  is  not  condnsive.  If,  however,  a  difi^erent  view  is  adopted, 
if  we  think  of  the  empty  earth  as  early  bearing  separate  centers  of 
civilization  too  far  apart  to  vex  each  bis  neighbor,  and  living  at  peace 
with  tbe  nameless  region  between,  the  conception  altogether  harmonizes 
with  the  broad  outlines  of  such  early  records  as  we  have,  and  explains 
on  a  simpler  hypothesis  the  "savage"  exceptions  they  contain.  The 
early  and  later  Genesis  docnmeats  may  represent  the  compilation  of 
records,  colored  by  these  successive  stages  of  peace  and  of  war.  The 
entire  ethnic  theory  of  the  book  is  of  an  earth  empty  and  slowly  filling 
aiitil  the  elastic  zone  is  taken  up  and  inevitable  war  begins.  Move- 
ment and  immigration  are  easy  on  this  hypothesis.  They  become 
impossible  if  savagery  was  spread  over  the  earth  and  slowly  curdled  here 
and  there  in  some  happy  and  defensible  coign  of  vantage  into  barbarism 
and  civilization.  What  is  true  of  Genesis  is  tme  of  all  national  records 
and  all  archaeological  research.  Everjnvbere  is  a  snrprisiug  primitive 
development.  Everywhere  this  descends  into  war.  Everywhere  the 
war  god  is  the  younger  god,  never  the  elder,  as  i>erpet«al  war  would 
have  made  him.  If  the  origins  of  society  stood  rooted  in  perpetual 
strife,  if  the  endless  war  of  the  savage  were  its  early  normal  condition, 
and  the  war  chief  its  first  head,  mythology  would  make  the  god  of 
war  the  earliest  of  the  pantheon;  but,  while  he  is  often  the  favorite 
national  deity,  his  temple  the  greatest,  his  priesthood  the  most  impor- 
tant, and  his  caste  the  rulers  of  the  tribe,  in  the  national  cult  and 
culture  the  war  god  is,  as  with  Ares  and  with  Mars  and  a  dozen  more 
which  will  suggest  themselves,  of  the  second  or  third  generation  of 
deities.  I  can  not,  myself,  recollect  a  single  instanie  iu  which  the 
tutelary  divinity  of  war  is  figured  as  a  primitive  deity,  although  the 
rites  of  hospitality  are  often  committed  to  an  early  god,  and  the  pro- 
tection of  the  stranger  is  generally  in  the  hands  of  such  a  deity  as 
is  uatui'al  if  general  war  succeeded  general  intercommunication  over 
vacant  xnd  often  peaceful  spaces.  In  general,  the  succession  of  dei- 
ties is  from  local  primitive  and  comparatively  peaceful  early  gods  to 
gods  whose  warlike  demands  retioire  a  bloodier  sacrifice.  N^ot  infre- 
quently, also,  though  by  no  means  as  uniformly  as  with  the  war  god,  the 
goddess  whose  worship  prescribes,  permits,  or  palliates  sexual  license, 
is  figured  as  a  goddess  later  and  younger  than  the  goddess  who  pre- 
sides over  lawful  marriage.  How  frequently,  also,  in  this  development 
of  a  national  and  popular  pantheon,  based  on  local  and  tribal  calts  and 
shrines,  is  there  elasive  esoteric  reminiscence  of  a  period  when  polythe- 
ism was  preceded  by  a  juster  conception  of  the  divine  as  it  is  in  time 
generally  sncceeded  by  one.  Everywhere  men  look  back  upon  peace 
and  hope  for  its  return.    Everywhere  uatioDS  have  their  wauderjahre 
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in  their  annals  when  the  earth  was  still  empty  and  happy  sod  young. 
These  ntuneroas  coincideDoes  can  not  be  accidental.  They  aoqaeetioD- 
ably  point  to  the  necessity  of  revising  and  limiting  the  confideuee  witii 
which  the  modem  savage  has  been  used  to  explain  a  nobler  past  which 
the  surviving  aavage  would  have  shared,  if  he  had  been  fit  for  it,  or 
untoward  circumstance  had  not  barred  hia  way.  In  the  end  it  m^y  be 
found  tbat  even  more  radical  chaiigo  is  necessary  in  our  interpretation 
of  the  past,  that  tbe  ouly  true  ezplanation  is  that  much  in  existing 
savage  culture  represents  retrogression,  and  was  never  a  part  of  the 
upward  movement  of  the  race.  For  the  present  this  conclnuon  would 
be  to  err  in  another  extreme.  All  that  can  be  claimed  now  is  that  too 
much  has  been  made  of  savage  life  in  explaining  the  primitive  develop 
ment  of  the  race,  and  too  little  of  conditions  wbicli,  once  existing,  ha^-e 
since  disappeared,  and,  by  disappearing,  have  done  much  to  create  the 
mi^leadiug  savage  of  modern  anthropology. 
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BOWS  AND  ARROWS  IN  CENTRAL  BRAZIL.' 


By  Hermann  Meykr. 


Tbe  present  treatise  is  an  ititrotlnction  t^t  a  larger  one  now  in  course 
of  preparation.  While  tliia  larger  work  is  to  discuss  tbe  distribution 
of  tbe  bow  and  arrow  tbrougboot  South  America,  and  to  widen  tbe 
knowledge  of  lier  mixed  populations  by  means  of  a  tborougli  investi- 
gation of  material  in  maKeams  and  tbe  stndy  of  literatnre,  it  is  tbe 
aim  of  this  brocbure  to  point  ont  the  system  only  iii  general  outline, 
with  the  comparison  of  tbe  materiiils  furnished  for  the  cl:issifi(;stion 
of  bow  and  arrow,  and  to  set  forth  foracircamacribed  region — tbeMato 
Orosso — bow,  through  the  harmonizing  of  different  tribal  gronps, 
ethnographic  types  arise;  what  share  tbe  several  asBO(-iate<l  tribes 
have  had  in  this  creation  of  groups;  and,  on  the  other  hand,  wliat 
ethnographic  development  within  the  group  each  tribe  has  undergone. 

It  will  not  be  possible  to  make  au  extended  review  of  individual 
tribes  in  a  preliminary  description  of  the  bow  and  tlic  arrow.  This  is 
in  view  for  the  later  work,  and  at  this  time  it  will  be  presented  only  so 
&r  as  an  ethnographic  characterization  is  necessary.  In  the  same  way 
here  the  review  will  be  only  so  extended  concerning  the  meaning  of 
these  weapons  for  a  tribe  as  to  reveal  some  variation  of  the  arts  by 
which  au  advancing  or  retarding  momentum  in  the  ethnographic 
development  has  been  given. 

For*  investigating  the  ethnographic  materials  which  furnished  the 
groundwork  of  my  investigation,  it  was  made  possible  tbroagh  tbe  rec- 
ommendation of  Professor  Bastian,  in  Berlin,  and  Professor  Ratzel,  in 
Leipzig,  to  stndy  the  collections  belonging  to  the  museums  in  Berlin, 
Munich,  Vienna,  Braunschweig,  Copenhagen,  Stockholm,  Christiania, 
Brussels,  Amsterdam,  Rotterdam,  Leiden,  London,  Kew,  Salisbury, 
Oxford,  Cambridge,  Newcastle,  Edinburgh,  Glasgow,  Belfast,  Dublin, 
and  Liverpool;  and  I  here  express  to  the  directors  and  conservators  of 
the  establishments  mentioned,  above  all  to  Professor  Biistian  and  Pro- 
fessor Ratzel,  and  especially  to  the  head  of  the  American  section  of  the 
ethnographic  museum  in  Berlin,  Dr.  Seler,  my  heartfelt  thanks  for  tbe 

■luangiiral  dissertAtion  l>7  Hermann  Meyer,  of  the  University  of  .lena.  Trans- 
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encoDragement  rendered.    Moreover,  I  am  obliged  to  Professor  von  den 
Steinen,  to  Dr.  Ehrenreich,  and  to  Dr.  Bichard  Aiidree  for  friendly 


A  large namber  of  tnasenmson  the BhiDe,iii  Switzerland,  France,  and 
Italy,  which  I  had  not  time  to  visit,  I  thank  for  their  promises  to  ren- 
der complete  my  investigatione  in  the  future.  The  rich  material  of  Ui« 
Leipzig  masenm  was  tmfortnnately  at  the  time,  through  wantof  sjiaee. 
packed  ap  and  not  accessible,  yet  it  is  hoped  that  shortly  after  the 
completion  of  the  new  ma»enm  baildinff  it  will  be  possible  to  make 
studies  there  also. 

In  the  study  of  material  stored  up  in  maseums  one  mast  proceed 
with  the  greatest  prudence  in  deciding  the  matter  of  locality,  for  the 
beginner  ii>  this  field,  who  has  no  knowledge  concerning  the  associa- 
tions of  a  specimen,  makes  false  and  confused  reports.  There  exist 
only  small  collections  whose  data  have  any  claim  to  confidence;  the 
great  tnajority  of  objects  are  either  anknown  or  insufflciently  or  falsely 
labeled.  Very  many  pieces  which  have  been  brought  together  from 
some  estate,  or  through  collectors  on  the  coast,  far  from  their  origin, 
bciir  absolutely  untrue  information  regardiug  their  provenience.  There 
are  many  pieces  that  migrate  down  a  river,  even  to  a  trade  station  near 
the  mouth,  and  then  come  into  the  possession  of  a  traveler  who  knows 
only  the  name  of  the  last  place  or  of  the  river.  Other  specimens  that 
the  traveler  really  got  from  the  natives  represent  not  indeed  the  tme 
ethnographic  type  of  that  tribe,  since  these  also  could  have  come 
into  the  possession  of  a  tribe  through  traffic  or  as  booty,  as  Lncioli 
narrates  of  the  Ucayale  tribes — that  slaves  among  them  worked  in  their 
own  manner.  Ilowever,  by  means  of  a  careful  comparison  of  speci- 
mens in  qnestion  with  well -identified  material  it  is  possible  to  find  out 
with  some  certainty  their  coordination. 

Ill  the  accessible  literature  are  only  a  few  modem  works  of  any  ralne 
for  furthering  this  investigation,  since  the  minority  of  travelers,  par- 
ticularly older  ones,  have  often  some  other  object  than  the  promotion  of 
etlmogrnphy,  and  consequently  give  only  brief  notices  on  ethnographic 
subjects.  Only  in  the  rarest  cases  do  they  devote  themselves  to  a 
detailed  description  of  weai>on8  and  tools  of  a  tribe  with  whom  they 
came  in  contact.  For  that  reason  are  to  be  fonnd  abundantly  in  differ- 
ent accounts  of  tlie  same  tribe  contradictory  statements,  so  that  even 
in  the  utilization  of  such  notices  one  mnst  use  the  utmost  caution  and 
critical  dis<'rimi nation. 

Unfortunately  it  was  not  possible  for  me  to  identi^  the  substauces 
used  in  the  mauufacture  of  bows  and  arrows,  by  which  I  might  have 
data  for  the  flsitig  of  the  locality  and  for  proving  also  the 
A  botanist  skilled  in  South  American  flora,  to  whom  I 
gle  little  sample  of  wood  for  microscopic  investigation, 
',mong  the  endless  uomber  of  South  American  species  of 
«nder  assistance  only  through  the  leaves  or  the  flowenu 
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rFhis  was  nnfortanately  impossible  in  tbe  cane  of  tbe  weapons.  I  must, 
Iberefore,  confine  myself  to  the  repetition  of  tbe  reporta  of  collectors  or 
QQotatioiis  from  literature. 

Since  I  have  expressed  these  many  difflcnlties  which  are  in  the  way 
of  a  thorough  iuTestigatioii,tbe  reader  will  perhaps  lightly  criticise  any 
errors  or  shortcomings  that  may  api>ear  in  my  work,  especially  when  I 
liere  suggest  this  is  to  be  merely  an  effort  to  throw  a  little  light  upon 
tbe  tangled  ethnographic  conditions  in  Sontb  America — only  a  first 
effort  in  » larger  inquiry,  and  laying  no  claim  to  endariiig  validity. 

Tbe  motive  in  ethnographic  investigation  is  twofold.  First,  to  fur- 
nish a  contribution  to  the  ethnography  of  a  single  gronp,  by  which  tbe 
group  as  such  may  be  set  forth  in  its  individuality.  Second,  it  should 
be  sought  to  establish  upon  the  foundation  of  tbe  descriptive  part  a 
scheme  for  fixing  the  relationship  of  this  group  to  its  neighbors,  and, 
above  all,  to  mankind  in  general.  I  say  advisedly  a  scheme,  for  every- 
one must  be  couscions  that  such  investigation  can  be  only  one-sided; 
and  as  yet  one  is  not  entitled  to  draw  larger  concbiaions  and  family 
connections  of  the  people  in  question.  Only  when  the  purely  objective 
etbnographie  results  fompared  with  linguistic,  anthropologic,  and  eth- 
nologic investigations  agree,  can  the  x>e''fect  at^cnracy  of  tbe  outcome 
be  su-cepted.  Into  what  dreadful  blunders  one  is  led  by  precipitate 
conclusions  of  all  sorts  drawn  lirom  one-sided  data  is  sufficiently  known. 

That  ethnographic  and  linguistic  studies  in  nowise  always  lead  to  the 
same  result  may  be  realized  in  the  examination  of  every  ethnographic 
collection.  On  the  one  side  it  may  be  seen  that  two  hordes  related  in 
sjieecb  have  entirely  different  ethnographic  characters,  while,  on  the 
contrary,  the  industries  of  two  may  agree  while  genetically  they  belong 
to  diflerent  stocks.  This  remark  is  very  pregnant  as  regards  South 
American  jieoples,  and  I  shall  seek  on  the  basis  of  my  studies  of  mate- 
rials and  literature  to  establish  a  correct  theory  concerning  tbe  ethno- 
graphic relationships  of  South  America. 

We  must  here  examine  the  imitative  instinct  of  men  as  a  motive. 
Assume  that  different  impulses  and  migrationa  of  divers  tril>es  having 
unlike  ethnographic  characters  have  brought  them  to  settle  near  one 
another,  one  can  recognize  among  most  of  these  tribes  a  variation, 
through  a  series  of  years,  of  their  ethnographic  characteristics.  They 
have  become  more  or  less  assimilated  in  their  mode  of  living  and  their 
ethnographic  iieculiarities.  This  assimilation,  that  ia  external  likeness 
in  type  forms,  may  arise  in  different  ways.  If  the  tribes  are  inimical, 
then  captured  objects  have  influenced  the  tecbniqae,  but  if  tbe  tribes 
have  entered  into  friendly  commerce,  then  the  possibility  of  acquiring 
by  trade,  tools,  weapons,  etc.,  is  easily  afforded.  If  they  are  brought 
into  still  nearer  contact  through  the  force  of  culture,  through  common 
acculturation,  then  the  preservation  of  old  ethnographic  peculiarities  in 
the  tribe  is  rendered  more  difficult.  Finally,  among  tribes  that  prac- 
tice slavery  there  is  atill  greater  likelihood  that  these,  owing  to  the 
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caHtcMnary  freedom  of  intercoarse,  would  imoiedtateiy  impart  their  own 
characteristic  fomiH  to  tbe  pecaliarities  of  their  masters.  Bat  chief 
among  these,  that  form  which  saggested  itself  ae  tbe  fittest  to  adof^ 
and  for  which  tbe  locality  aod  conditions  snpplied  tbe  ncccoaary  mate- 
rial would  be  moet  jtersistent.  It  seldom  happens  that  proper  material 
is  procnred  from  a  distance  throagh  trade,  or  that  any  other  material 
would  be  chosen  than  the  one  there  in  ase  for  certain  forms. 

As  the  chart  at  the  end  of  this  article  points  ont  with  respect  to  the 
distribution  into  ethnographic  areas,  there  occur  in  the  same  tribe  sev- 
eral seitarate  types  in  close  contact.  This  pbenomenon  is  to  be  referred 
back  chiefly  to  a  certain  persistency  with  which  favorite  old-time  fonns 
hold  on.  This  attachment  to  the  ancient  is  very  freqoent  oa  types  that 
are  completely  changed  throngh  assimilatioD,  »till  showing  small  idio- 
syncrasies or  added  dooorationsand  so  on,  so  that  it  is  possible  through 
these  marks  to  obtain  a  glimpse  backward  on  the  original  form. 
Frequently,  throngh  trade  or  capture,  certain  objects  or  weapons  pass 
immediately  into  the  employ  of  tbe  new  owner  and  are  more  widely 
diCFused  in  association  with  theold  f<i»-ms.  Especially  in  these  inquiries 
iu  which  several  tribes  are  brought  together  in  comparison  is  an 
association  of  this  kind  noticeable,  bnt  apparently  comparison  of  dif- 
ferent forms  is  possible  only  when  a  tiibe  has  been  split  into  several 
parts  and  each  one  has  borrowed  on  other  soil  different  castoms  and 
forms  from  neighboring  tribes.  These  tribal  divisions  have  then  bad 
an  entirely  ditl'erent  ethnographic  development.  Do  we  find  among 
a  gron|i  of  originally  diverse  tribes,  which  have  actjuired  throngh 
assimilation  special  ethnographic  character!),  a  people  with  entirely 
difi'erent  characteristics,  then  we  are  able  to  conclnde  that  either  this 
people  remains  out  of  contact  with  surrounding  tribes  or  has  jast  eome 
there. 

This  ethnographic  association  would  differ  perhaps  according  to  the 
choice  of  the  object  taken  for  the  classificatioD;  at  least  my  investiga- 
tions lead  to  this  result,  whether  we  select  tbe  bow  or  the  arrow  as 
object  of  comparison.  But  a  certain  analogy  is  to  be  recognized  in  all 
gronping  of  this  sort.  For  an  ethnographic  classification  all  tbe  tribes 
studied  should  be  regarded  from  the  same  point  of  view,  namely,  that 
the  object  selected  shall  be  common  to  all. 

As  IB  known,  tbe  entire  population  of  South  America,  originaOy 

depending  on  natural  <ron<1itiona,  have  been  hunting  peoples,  and  tbe 

greater  part  of  them  have  held  on  to  this  manner  of  life.    The  hunting 

implement  is  then  common  to  all.     >'ow  we  find  among  the  different 

tribes  generally  various  methods  of  capturing  animals.    One  employs 

the  blowtube,  tbe  second  a  sling,  the  third  a  bola  and  a  lance,  bnt  all 

have  as  the  chief  weaiKtn  tbe  how  and  arrow,  which  even  the  gnn  can 

supplant,  because  the  noiseless  shooting  of  the  bow  does  not 

'n  the  game.    Only  the  tribes  of  the  Pampas,  who  since  the 

f  the  Spaniards  have  taken  up  with  the  horse,  have  more  and 
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more  given  up  the  bow,  since  as  riders  they  can  not  convenieDtly use 
it.  In  fighting  on  foot  at  the  time  of  DobrizbofTer  the  bow  was  always 
the  favorite  weaimn.  Also  the  tribes  that  are  now  completely  seden- 
tary, which  practice  banting  along  with  agriculture  only  for  amnse- 
ment,  exercise  still  the  greatest  care  npon  the  preparation  of  this  weapon 
and  know  how  to  nse  it  with  skill.  In  their  sagas  the  bow  aud  the 
arrow  still  play  an  important  role.  They  are  regarded,  almost  as  sak;red 
and  are  frequently  used  as  cult  objects.  If  a  people  through  constant 
association  with  culture  exchanged  their  bows  and  arrows  for  other 
weapons,  then  the  children  kept  up  the  old  reminiscences  and  held  on 
to  the  bow  and  arrow  as  playthings.  We  can  thus  appreciate  the 
interest  which  a  South  American  Indian  feels  when  foreign  bows  and 
arrows  are  brought  to  his  notice.  He  is  accustomed  to  recognize  the 
tribe  by  its  arrow.  I  therefore  indorse  the  position  of  Von  den  Steiuen' 
when  he  says,  "Jast  as  in  comparative  philology,  a  comparative  arrow 
Study  may  be  conducted,"  as  a  mle  for  the  resulting  etbuographic 
grouping.  This  position  has  full  force  only  when  the  difference  of  time 
between  the  arrival  of  different  collections  is  taken  into  consideration, 
since,  as  has  been  already  said,  the  ethnographic  characteristics  have 
been  snbject  to  great  variations. 

It  can  not  then  be  wondered  at  that  in  the  general  distribntion  of 
bows  and  arrows  so  great  a  diversity  of  form  exists,  which  makes 
possible  a  grouping  for  a  fundamental  study.  This  grouping  demands 
again  the  separation  of  formR  according  to  specific  marks  of  structure. 
Of  great  importance  in  the  distribution  of  the  arrow  appears  to  be  the 
feathering,  which  seems  to  be  capable  of  unlimite<l  variation.  There 
may  be  also  bestowed  a  great  deal  of  care  on  the  fastening  of  the 
feather,  on  the  wrappings  of  the  shaft  with  thread,  or  upon  the  manner 
of  fitting  the  feather.  Moreover,  the  wrapping  of  the  feathered  end 
or  sbaftment  offers  excellent  opportunity  to  preserve  certain  textile 
patterns,  perhaps  the  one  remaining  survival  of  the  old  tribal  pefluli- 
aritf .  Besides  the  feathering,  the  fastening  of  the  point  to  the  shaft, 
or  of  the  point  to  the  foreshaft,  affords  a  safe  datum  for  discriminating. 
The  shape  of  the  point  also  furnishes  a  guide  for  differentiations,  how- 
ever generally  the  varietal  marks  of  the  point  aud  shaft  adjust  tbem- 
selves.with  those  of  the  feathering,  so  that  the  last  may  be  taken  as  a 
basis  for  classification.  The  dimensions  of  the  arrow  arc  not  directly 
useful  as  a  means  of  separation,  although  individaal  tribes  are  char- 
acterized by  the  measarements  of  their  weapons.  Yet  tliere  are  not 
seldom  within  a  single  tribe  differences  of  half  a  meter  in  the  lengths 
of  the  same  sort  of  arrow.  The  choice  of  material  depends  chiefly  on 
natural  surronndings  which  a  tribe  encounters  from  place  to  place.  It 
could,  therefore,  through  identification  of  material  and  the  botanical 
proof  of  the  source  of  a  plant,  be  shown  that  an  arrow  belonged  to  a 
certain  group;  unfortunately  this  is  not  possible  where  accarate  data 
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concerning  the  material  are  not  given  by  tbe  collector.  Only  etn^ 
types  like  the  Chaco  arrow  may  be  recognized  tbrongb  the  materiaL 
In  the  classification  of  bows  tbronfrh  the  cross  section  the  material 
would  be  of  weight. 

Before  offering  some  remarks  on  the  characteristics  of  bow  and  arroir 
tyiws  by  regions,  I  shall  seek  briefly  to  describe  Sooth  American  bows 
and  arrows  aa  a  whole. 

Unlike  the  Korth  American  bowa,  which  are  generally  small  and 
often  made  up  of  parts  diflering  in  material  joined  together,  the  Soath 
American  hows  are  all  self-bows,  that  is,  they  are  mside  of  a  single 
piece.  For  the  most  part  they  are  very  large;  only  in  the  Croiaaa 
region  and  the  northwestern  lands,  as  well  as  in  the  Sonth,  the  Grau 
Chaco,  the  Pampas,  and  in  Terra  del  Fnego  are  smaller  forms  in  nac. 
A  certain  similarity  of  the  Chaco  bow  with  that  of  the  northern  lilaoo 
tribes,  the  Goajiro,  is  inexplicable.  Further,  in  forest  regions  almost 
tbrouRhoat,  excepting  Ouiana,  large,  jwwerfnl  bows  are  in  ose,  while 
the  smaller  belong  to  open  steppes.  In  this  fact  there  is  a  contradic- 
tion to  the  affirmation  of  Ratzel  concerning  Africa,  that  the  forest  bows 
arc  smaller  than  the  steppe  bows,  since  the  contracted  forest  prevents 
the  use  of  the  larger  forms.  On  the  contrary,  among  the  Jauaiteiy, 
who  live  iit  the  forest  region  on  the  lower  Negro,  bows  are  fonnd,  ac- 
cording to  Pfaff,  3  meters  long.  The  South  American  bows  are  made 
with  the  greatest  care,  so  that  in  the  manufacture  the  pecaliarities  of 
the  materials  are  utilized  to  their  utmost  extent.  The  form  is,  with 
raie  exceptions,  symmetrical.  The  curvature  is  not  pronounced  and 
symmetrical,  but  sometimes  through  a  little  bulge  of  the  middle  a 
slight  double  curve  is  effected.  Bows  are  neatly  wrapped  with  liana 
bast  or  with  yarn  and  cotton  string,  partially,  as  a  general  tbin^,  and 
fretjneiitly  thus  to  old  bows  an  artistic  touch  is  given  and  beautiful 
patterns  developed.  Feather  ornaments  are  also  often  added  to  the 
bow.  The  plain  bows  exhibit,  as  Batzel  has  pointed  out,  a  decided 
similarity  with  those  of  the  Melancsians. 

The  size  of  arrows  is  naturally  iu  relation  with  that  of  the  bows.  The 
steppe  {>eoples  and  the  Fuegians  have  the  smallest  arrows.  They  also 
exhibit  much  care  in  their  finish,  and  adorn  them  greatly  by  ineaos 
of  wrappings  uymn  the  joints  where  the  several  parts  are  united.  Tbe 
arrows  of  the  steppes  are  made  especially  with  reed  shafts  having 
wooden  iwiats,  those  of  upper  Sonth  America  have  mostly  in  tbe 
reed  shaft  a  fore  shaft  inserted,  which  carries  the  iwint. 

The  material  of  the  shaft  over  the  entire  middle  region  is  mostly  the 
widely  distributed  knotless  TTba  reed  {Oynerium  saecharoides),  and 
esi>e(!iallyiu  the  East  the  more  slender  Cambayuva  reed.  The  reed 
shaft  of  tbe  Ghiico  tribes  is  similar  to  the  Cambayuva.  Only  among 
the  Fuegians  and  a  few  other  tribes  iu  special  kinds  of  arrows  is  wood 
used  for  shafts.  The  points  are  of  wood,  at  times  smooth  and  again 
with  rows  of  opposite  barb"  ■<^,  sharp  splints  of  bamboo,  from 
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l>one.  from  spines  of  tbe  ray  fish  aud  in  later  times  of  iron.  Stone 
points  were,  indeed,  originally  in  vogae  over  the  whole  area,  and  have 
lield  tbeir  own  only  among  the  most  southern  and  the  most  northern 
tribes,  Central  Americans  and  Fuegiaus.  Poisoned  arrows  are  spread 
over  nearly  the  whole  forest  region. 

The  different  groups  may  now  be  characterized : 
Bows  in  Central  South  America  are  of  five  different  classos  or 
groups : 

Group  1. — Peruvian  bow. — Rectangular  or  long  elliptical  cross  section 
and  almost  always  made  of  tbe  heavy,  black  chonta  palm  wood.  (PI, 
LVII,  flg.  1;P1.  LX,  tig.  1.) 

Oroiip  2. — N^orth  liritziUan  bow. — Semicircular  cross  section,  charac- 
terized by  the  material,  a  reddish  brown,  smooth,  leguminous  wood. 
(PI.  LVIII,  flg.  10.)     , 

Oroup  3. — Guiana  bow. — Small  with  parabolic  cross  section  for  the 
most  part  and  a  channel  along  the  outer  side.  Made  trom  a  dark- 
brown  wood.  Between  the  north  Brazilian  type  and  the  Guiana  type 
there  is  an  intermediate  form. 

Qroup  i. — Ckaco  bow. — Bound  and  beautifully  smooth  exterior,  made 
from  the  red  Onrepay  acacia. 

Qroup  5. — Eaat  llrazilian  bow, — Distingaished  by  the  choice  of  differ- 
ent woods.  The  type  is  separated  into  two  subgroups,  which  at  the 
north  have  their  connecting  link  in  the  Shingu  bow  and  at  the  south  in 
tbe  Kameh  bow.  Tbe  western  class  has  been  develoi)ed  out  of  the 
smooth,  strong  wooden  bow  of  tbe  Hoioro,  having  cross  section,  and 
wrapped  with  "cipo,"  a  liana  bast.  The  eastern  subgroup  is  marked  by 
tbe  black  Airi  palm  wood,  in  the  southeast  less  carefully  made  by  the 
Fori  and  Botocados.  On  the  contrary,  in  tbe  Carajii  bow  (PI.  LIX, 
fig.  1)  of  dark-brown  palm  wood  it  has  reached  a  high  development, 
which  still  survives  in  the  Shingu  bow  (PI.  LVII,  figs.  1, 4, 7],  the  inter- 
mediate form  between  the  eastern  and  the  western  subgroup.  To  tbe 
eastern  subgroup  belong  the  majority  of  tbe  Ges  tribes,  while  the  west- 
em  subgroup  finds  its  greatest  extension  among  the  Tupi  tribes  of 
Paraguay. 

Outside  of  this  group  stand  the  Mataco  bow,  the  Fnegian  bow,  and 
tbe  Central  American  bow,  which  are  not  considered  here. 

The  types  of  feathering  are  as  numerous  as  the  bow  tyi>es,  aud  may 
be  briefly  characterized  iis  follows: 
Feathering  of  South  American  bows. 

1.  Emt  Brasilian  or  Oez-  Tupi  feathering. — A  widely  separate<l  group, 
which,  like  the  east  Brazilian  bow  group,  extends  over  the  entire  eastern 
Brazil  as  far  west  as  the  Paraguay  and  the  Shingu.  Two  feathers 
unchanged,  seldom  halved,  are  fastene<I  at  their  ui>jier  and  lower  ends 
to  tbe  shaftment  opposite  each  other  with  thread,  fiber  or  cipo  bast. 
Fretinently  these  wrappings  are  laid  ou  in  patterns  or  have  an  orna- 
mentation of  little  feathers  added,    (PI.  LIX,  figs.  8  and  90 


556  BOWS  A^sjy  akbows  dt  central  beazil. 

iL  CvMM  /eaHerimf.—SmaIL  and  arefeDy  laid  on.  IVo  short  hah' 
f<ratb«s  are  boood  to  the  »baA  in  different  places  with  seizings  of  fine 
thread.  The  lifaaft  has  always  a  Boek  piece  to  fit  against  the  stretcbeii 
bow  striDg  in  sbootiDg.  An  aeeOBut  of  its  distribation  and  of  the  foot- 
ing or  nock  piece  will  be  given  farOner  on. 

3.  TV  SiimfM  tnrM  /emtkerimg. — ^Two  h^f  feathers  stitched  to  the 
shaft  opposite  each  other  tfanmgh  pafiatstkms.  The  ends  ar«  »eii«l 
^t  with  plain  or  panemed  lashing,    i  PL  LVII,  fig.  9.) 

4.  Thf  Armrd /rmtierimf. — ^Two  long  half  feathers,  which,  in  addition 
to  tbe  rad  seizings,  ace  held  down  by  narrow  wrappings  of  thread  :il 
dtort  distances  apart.  At  the  nock  the  wr^inng  is  done  in  beaatiliil 
patterns.    -.PL  LVIU.  fig.  14.) 

5.  n«  llttmke  /eatkfrim0.—like  the  east  Bnudliao  feathering,  hae 
twoentire  feathers  bound  on  above  and  below.  At  the  base  of  tbe  shaft. 
however,  a  noi-k  piece  or  footing  is  set  in.    (PL  LTUI,  fig.  i:i.) 

6.  Tltt  Pern  riam  featkerimg. — Gonstitotes  a  little  gnmp  on  tbe  Ccayak 
and  is  qoite  like  the  east  Bnuilian  on  the  whole. 

Perhaps  tbe  Maobc  featbexiDg.  as  well  as  the  Pern  wrapped  feather 
ing.  belong  genetically  ti^rilKr  with  the  Tupi  feathering  in  the  eant 
Brazilian  gronp.  By  this  is  strengthened  the  hypothesis  of  Vou  <Ieo 
Steineo  and  Ehraireicb  that  the  west  and  the  central  Topi  wandered 
to  the  westward  and  to  the  Amason  again  as  for  as  the  Taftajos  and 
Sbingn.  Alao  on  the  Twantins,  on  whose  lown  waters  Tupi  tribes 
have  !>ettle4l,  are  foond  arrow  forms  like  to  those  of  tbe  Haohe. 

7.  The  great  groap  of  Peru  cemented  feathering  inclndes  two  dirj- 

a.  The  northern,  beloogiog  to  tbe  Amasoo  r^oo,  which  foils  into 
sntKlirisions  according  to  the  presence  w  form  of  the  nock. 

h.  The  sonthem,  which  embraces  the  anomalons  Obaco  feathering. 
{PI.  LVni,  fig.  15.) 

Tlie  two  feathers  of  the  cemented  feathering  are  separated  &om  tbe 
midrib  with  only  a  thin  |M»rtion  of  the  qnill  remaining,  boood  fast  to 
the  shaftment  in  close  spiral  with  thread  or  yam,  and  to  increase  the 
hold  OD  the  shaft  along  the  feather,  the  sbaftment  is  covered  with  black 
or  brown  pitch. 

Examining  the  chart  of  tiie  get^raphic  distribation  of  bow  anil 
arrow  types,  it  apitears  th^^ — 

Tbe  divisioD  into  ethnographic  provinces  by  reason  of  the  dominalioii 
of  certain  forms,  on  tbe  whole,  has  ootbing  to  do  with  the  tribal  chiir- 
acteristics.  As  among  tiie  Bororo.  starting  oat  from  an  originally 
identical  type,  two  entirely  separate  types  succeed  through  different 
associations  with  other  stocks; 

Tbe  classification,  fOrtbermore,  has  not  led  to  the  same  result  for 
bows  and  f( 

Frequent  an  arrow  is  shot  which  has  quite  a  diffiBrent 

distributioE  ■^bow; 

Dcinz.aoy  Google 
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But,  yet,  a  certain  analogy  is  dis4M>verable  in  the  two  methoda  of 
grouping. 

So  the  boundary  lines  of  the  enclave  of  east  Brazilian  feathering 
correspond  in  gn>»B  features  to  the  boundary  lines  of  the  distribntiou 
re^on  of  the  east  Brazilian  bow.  Fartherniore,  omitting  the  region 
of  the  Cbacn  feathering,  the  region  of  the  Fernvian  bow  in  overlaid  by 
tliat  of  the  Peru  cemented  feathering. 

The  Oniana  bow  has  abont  the  same  exteut  as  the  Guiana  arrow; 
however,-tlie  aonthern  boandary  of  the  bow  region  lies  more  to  the 
north  than  that  of  the  feathering,  which  in  several  places  overpasses 
the  Amazon. 

To  these  almost  analogous  groups  belong  a  bow  type  which  alto- 
gether detached  fh)m  a  feathering  region  on  the  north  engrafts  Itself 
ou  the  region  of  the  I'eru  bow  and  the  east  Brazilian  bow.  Also, 
where  the  three  chief  feathering  groaps — the  Peru  cemented  feather, 
the  eaat  Brazilian,  and  the  Guiana — come  together,  three  entirely 
separate  feather  types  (Maube,  Arara,  and  Shingu)  have  spread  over 
regiotia  whose  borders  intrude  into  one  another. 

This  mixed  area  into  which  the  characteristics  of  indivi<lu]il  ethno- 
graphic developments  have  obtruded  themselves  is  the  Mato  Orosso. 
We  can  from  this  realize  what  great  importance  the  thorough  explora- 
tion of  this  region  possesses  for  the  entire  ethnology  of  South  America, 
and  I  hold  it,  therefore,  not  fruitless  if  I  seek  before  I  describe  clearly 
ia  a  greater  work  the  result  of  my  investigations  upon  the  collective 
material  concerning  the  South  American  bows  and  arrows,  to  give,  so 
far  as  it  is  possible,  in  this  publicatiou  an  ethnographic  picture  of  the 
Klato  Orosso. 

The  Mate  Grosso  is  the  highland  in  which  several  principal  rivers  of 
South  America  have  their  origin.  While  the  Paraguay  flows  south- 
ward and  furnishes,  through  its  extremely  fortunate  advantages  for 
navigation,  the  veins  of  commerce,  the  fountains  of  the  most  important 
affluents  of  the  Amazon  on  the  south  spring  from  the  neighborhood  of 
the  i'araguay  sources,  so  that  a  lively  commerce  from  the  Amazon  to 
the  La  Plata  would  go  on  across  interior  Brazil  by  water,  if  an  impass- 
able barrier  to  navigation  between  the  northern  incline  of  the  Mato 
Gtosso  and  deep  water  of  the  Amazon  were  not  established  by  the 
waterfalls  and  rapids.  Since,  through  the  earlier  expeditious  on  these 
rivers — Tajiajoz,  Shingu,  Araguay,  Tocautins — for  the  purpose  of  infor- 
mation concerning  the  feasibility  of  a  good  connection  with  the  Ama- 
»iuB,  no  practical  result  was  obtained,  it  is  natural  that  general  geo- 
graphical knowledge  about  this  region  should  have  remained  very 
meager  up  to  this  century.  It  was  through  the  expeditions  of  Nat- 
t4!rer,  Castelmau,  \^'edell,  Martius,  Pohls,  Yon  den  Steinen,  and  Ehren- 
reich  that  a  glance  was  obtained  at  the  natural  relations  of  this  area, 
and  especially  was  it  Natterer,  Martins,  Von  den  Steinen,  and  Khren- 
reich  who  made  themselves  serviceable  for  the  ethnography  of  the 
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iiortbem  Matu  (irosso,  and  who  bave  shown  that  the  hindrances  which 
the  rapid:)  in  the  streams  mentioued  opposed  to  general  comiDerce  are 
not  so  insurmoiiutable  that  even  great  tribal  uigraUoDS  npt^tream  wid 
dowDStream  can  not  be  proved  on  ethnographic  and  lingui^ic  groandt^ 
The  immense  imiHirtance  which  the  Mato  Grosso  possesses  for  the  eth- 
nology of  South  America  here  fully  appears,  and  it  follows  hetii-e  tliat 
the  knoweldge  of  the  populatiou-s  of  the  Mato  Grosso  mast  furnish  the 
key  for  the  entire  ethnology  of  South  America. 

While  the  northern  border  is  quite  clearly  fixed,  on  the  eaat  a  limit  is 
less  shari)ly  drawn,  and  thetraasitioD  to  the  highlands  of  Goyaz  paaae^ 
only  gradually  through  separate  detached  elevations.  The  sources  o€ 
the  Araguay  are  to  be  attributed  to  the  ^fato  Grosso,  while  the  Tocaii- 
tins  belong  to  the  highlands  of  Goyaz.  lu  the  aoath  the  Mato  Grosso 
sloi)es  slowly  toward  the  Paraguay  basin.  Let  the  boundary  be  the 
Serra  de  Oayapo,  which  extends  troni  the  western  edge  of  the  Ooyaz 
plateau  in  a  southwesterly  direction  to  the  Piinvgnay,  and  on  the  west 
side  finds  its  continuation  inarange  of  hills  running  in  a  northwesterly 
direction  to  the  Bio  Guai>ore.  The  alluvial  lowland  of  the  Paraguay  is 
e-specially  not  to  be  reckoned  with  the  Mato  Grosso,  though  in  ethno- 
graphic features  it  is  not  easily  separated  trom  it.  In  the  southeast, 
the  Mato  Grosso  is  cut  off  from  the  Gran  GliacO  by  the  watershed  meo- 
tioned,  and  on  the  west  the  Madeira  furnishes  the  natural  boundary 
with  its  fbrests,  though  these  begin  to  appear  already  east  of  t4ie 
Madeira.  With  exception  of  the  woody  river  bottoms  ihe  MatoCirosso 
is  a  pure  prairie  region,  which  stretches  away  between  the  north  flowing 
river  iterbaps  still  farther  than  the  north  border  of  the  Mato  Grosao. 

It  is  clear  that  the  Mato  Grosso  in  its  central  location  before  uien- 
tioued,  endowed  with  extremely  favorable  natural  conditions,  mast 
have  played  an  important  rule  in  the  history  of  the  South  American 
peoples.  Of  all  the  events,  however,  of  which  the  Mato  Grosso  was  the 
theater  of  itctiou  nothing  more  is  known.  Only  from  traditional  rela- 
tions of  a  few  tribesor  Irom  the  narrativesof  colonists  may  the  latest 
migrations  and  invasions  be  followed.  It  ia  therefore  not  possible  from 
the  present  condition  of  knowledge  to  draw  a  correct  ethnographic 
picture  of  the  original  divisions  and  dispersions  of  the  populations. 
We  are  able  from  the  comparison  of  materials  in  museums  to  gain  only 
a  foothold  lor  the  knowledge  of  prior  wanderings.  The  inquiry  how  far 
these  assumptions  can  be  of  use  for  illnminatiug  the  theory  of  migra- 
tions of  the  Ges,  Tupi,  Carib  and  Nii-Arawak  families  by  means  of  com- 
parative philology,  ]iroi>osed  by  Von  den  Steineu  and  Ehrenreich.  lies 
outside  the  borders  of  this  treatise  and  will  be  examine<l  later. 

The  ethnographic  picture  of  the  present  Mato  Grosso  shows,  as  may 
be  seen  from  the  chart  of  distribution,  a  division  into  four,  perhaps 
three,  regions  when  the  arrow  or  the  bow  is  used  as  material  for  com- 
parison.   Each  geographic  region  is  characterized  by  the  predominance 

■■  a  fixed  tpye,  which  is  peculiar  to  one  of  the  above-mentioned  ethno- 
regions.    In  both  classifications  the  two  great  areas  of  east 
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Brazil  and  the  Peruvian  type  bold  good  wbich  bave  certfttn  analogiea  in 
tlieir  oVD  borders.  Some  of  the  chief  divisions  in  the  Mato  (irosso 
seem  accideutal  to  the  Shiiigu  drainage.  Therefore,  in  accordanve  with 
the  bow  types,  the  Mato  Orosso  is  divided  into  a  west  and  an  east  half. 
The  north  Brazilian  bow  region  does  not  overlap  the  Mato  Grosso. 
When  arrow  types  dominate  the  divisions  two  other  distribution 
areas  are  revealed,  in  one  of  which  the  wrapped  or  sewed  feathering 
prevails,  as  the  peculiar  Mato  Urosso  feathering  may  be  termed,  while 
the  borders  do  uot  extend  beyond  those  of  the  Mato  Cirosso.  The  area 
of  the  Arara  feathering  lies  within  the  eastern  part  of  the  region  of  the 
Peru  feathering ;  furthermore,  the  Uauhefeatheriugexteuds  itsinHuence 
on  the  northwest  of  the  Mato  Orosso.  In  the  west  Mato  Urusso  oceur 
also  the  cemented,  the  Manbe,  the  Arara,  and  the  sewed  feathering. 
This  may  be  best  characterized  as  to  the  mixed  region,  set  forth  as 
follows : 

1.  JJastem  atid  southern  region, — East  Brazilian  feathering. 

2.  Central  region. — Sewed  feathering. 

3.  Western  region. — Mixed:  Cemented,  Arara,  Mauhe,  and  sewed 
feathering. 

Cousidering  the  bow  in  the  same  connection  gives  the  following 
group: 

1.  EoJit  Brazilian  bow  icith  East  Jlrazilian  feathering. — Araguay  and 
sonthern  Mato  Urosso. 

"i.  East  Brazilian  bow  with  Shingu  sewed  feathering. — Shingu  and 
West  Itororo. 

3.  Peru  bow  with  feathering  of  mixed  area«. — Tap^oz. 

This  grouping  is  natuially  to  be  taken  cunt  grano  satis,  since  trans- 
gressions and  intrnsious  occur  in  individual  cases. 

In  the  following  consideration  of  single  stocks  or  tribes  it  will  uot 
always  be  possible  to  bold  strictly  to  the  plan,  while  this  arrangement, 
which  throws  upon  the  screen  a  complete  ethnographic  picture  with 
natural  coherence  often,  as  will  be  seen  of  the  Bororo,  must  itoint  out 
the  originally  component  parte  of  a  stock,  on  account  of  the  differing 
developments  of  its  ethnographic  characters.  In  order  to  set  forth 
genetically  the  types  resolting  fh>m  the  original  tyx>e  an  assembling  of 
the  parts  is  necessary  in  the  discussion. 

Let  us  begin  with  the  tribes  of  the  upper  Shingn,  which  belong  col- 
lectively to  the  area  of  the  East  Brazilian  bow  with  sewed  feathering. 
These  tribes,  which  have  been  known  to  us  only  a  short  time  through 
the  two  Shingn  expeditions  of  Von  den  Steinen,  belong,  according  to 
his  investigations,  to  different  linguistic  families,  to  wit: 
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This  commingling  of  tribeB,  belMigins  to  different  stocks  in  the  ooo- 
paiativelr  narrow  space  of  the  npper  alHaenta  of  the  Shingn,  Kolis^n, 
Batovy,  and  Koloeoe,  ftamiitheR  the  best  example  of  how,  through  long 
ooDtignona  dweUing,  national  pecoUarities  are  obliterated  and  a  nev 
commoo  type  takes  the  place.  The  bows  and  arrows  of  these  stocks 
differ  only  very  little  from  one  another,  bat  together  very  mach  from 
those  of  the  stocks  of  the  lower  Shingn ;  for  example,  from  the  Ynrnna, 
of  whom  they  have  no  knowledge,  on  acoonnt  gf  the  rapid  streams 
difficalt  to  pass.  Ajn<Hig  these,  it  will  be  seen  later,  the  East  Btaztliao 
feathering  unites  with  the  Pern  bow,  a  circomstance  which  witnesses 
in  favor  of  the  Von  den  Steinen  theory  of  the  migration  of  the  western 
TupL 

If  the  I'pper  Shingn  tribes  be  kept  solely  in  view,  withoat  regardinf 
small  differences,  the  following  statements  may  be  confirmed: 

To  all  of  them  the  bow  and  the  arrow  are  eonmwn,  while  other 
weajMns,  such  as  the  throwing  stick  uid  the  cinb,  appear  only  among 
isolated  tribes. 

The  arrows,  as  well  as  the  bows,  are  aniversally  beaatifnl  and  care- 
fdlly  wToaght,  from  which  Von  den  Steinen  draws  the  conclusion  that 
they  indeed,  as  hunting  peoples,  had  alao  an  irregular  kind  of  seden- 
tary life,  and  that  they,  notwithstanding  that  the  hunter  stage  is 
always  more  and  more  being  supplanted  by  agricniture,  have  not 
become  negligent  in  the  mannfacture  of  hanting  implements.  This 
rests  chietly  upon  the  exalted  position  which  the  bow  and  arrow  holds 
in  their  tradition.  He  mentions  of  the  tribal  history  of  the  Baccairi, 
among  others,  that  the  culture- hero  Keri  had  created  the  tribe  out  of 
difTereut  arrow  reeds.    (Von  den  Steinen,  op.  cit.  2-JS,  379.) 

\'oii  deii  Steinen  says,  "  the  length  of  the  bow  reaches  220  to  250  cm.*^ 
(I'l.  LVII,  tigs.  1-7).  The  yellow  wood  is  furnished  by  the  Arata  tree 
tecoiiia,  etc.  Dark-brown  palm  wood  is  often  found  among  the  Aoeto 
and  Kamayura  tribes  and  among  tbe  Tupi  stock,  whose  bows  are 
wound  with  cotton  wrappings  in  a  sort  of  stainsise  pattern,  a  decora- 
tion widely  distribnted  in  South  America.  The  cross  section  of  the  bow 
is  about  circuliu- and  it  tiijiers  toward  the  end,  becoming  more  elliptical 
Tbe  ends  are  somewhat  rounded  for  the  reception  of  the  bowstring, 
ruuiiiiig  to  points.  The  bowstring,  twisted  from  tbe  bast  of  the  tocam 
palm,  \n  Iooi>ed  on  at  one  end.  It  is  knotted  around  the  other  end  and 
is  extended  along  the  back,  becoming  smaller  and  smaller,  and  is  made 
fast  around  tbe  upper  limb,  about  two-thirds  the  height  of  the  bow. 
The  curvature  of  the  bow  differs  and  often  there  is  more  than  one 
cnrve.  A  single  slight  curve  is  rare  and  only  to  be  fouud  among  the 
Baccairi  and  the  INahm^ua.  The  Aueto  and  Kamayura  have  slightly 
double-carved  bows,  with  ends  bent  back.  The  bows  of  the  Baccairi, 
Trnmat.  '  "  -^Imwood  bows  of  the  Aueto  and  Kamayura  show  a 
bend  o  an  op|>08ite  direction. 

On  a  mayura  and  two  of  the  Baccairi  are  tight  leather 

ings  8  e  limbs,  a  custom  which  is  also  to  be  seeu  upou 
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thebowsof tlieSokleiigofsoutlieaBternBrazil.  (Pl.LTII,flg.7.)  Tliat 
different  nays  of  bending  tbe  bow  are  customary  close  togetlicr  in  the 
same  stock  is  not  to  be  admitted;  it  is  more  likely  that  bowH  who»e 
exact  origin  is  not  fixed  might  have  been  tH^ttered  by  the  lively  barter 
on  tbe  Shingu. 

Tlie  arrows  appear  to  have  less  disiwrsioii  as  trade  objecb*,  which 
again  has  ita  explanation  in  the  fact  tbtit  tbe  arrow  is  esteemed  as  a 
ubaraeteristic  of  a  tribe,  aud  for  tlmt  reason  is  less  coinnmiiicable  to 
auother  tribe.  Therefore  we  see  umong  the  most  sonthei  ii  tribes — Bac- 
cairi,  Nahuqna,  and  Aueto — no  arrow  with  Onmbayuva  leed  shaft;  for, 
as  is  known  from  the  tribal  history  of  tlie  Baccairi,  these  are  made  of  Uba 
reeil,  a  characteristie  also  of  tlie  Baceairi.  This  reed,  in  order  that  tlie 
natives  may  not  be  compelled  to  get  it  from  far  away,  is  planted  in 
great  patches  in  the  river  Batovy.  (Von  den  Steinen,  op.  ciL,  p.  21t).) 
The  Dorthern  tribes,  on  tbe  contrary,  have  substitated  for  tbe  Uba 
ree<l  at  times  the  Cainbaynva  reod,  which,  among  the  Yarniia,  fnrnisbes 
the  only  material  on  that  side  of  the  rapids.  The  nse  of  the  Camba- 
yuVa  reed,  which  preilominates  on  the  Tapajoz  and  the  Araguay, 
appears,  from  the  latest  information,  to  have  arrived  first  upon  the 
Sbingu ;  at  leant  other  peculiarities  permit  tlie  conjecture  of  an  influence 
from  the  Hast. 

Difi'erent  kinds  of  points  are  to  be  found  among  nearly  all  the  tribes 
of  tbe  Sbiugn.  The  simplest  is  a  t<uiootli-i>oitited  i)iece  of  wood  driven 
into  the  end  of  tbo  reed  Bbaft..  This  form  is  common  to  all  stocks,  as  is 
one  with  a  middle  piece  (foreshaft)  fastened  on  with  pitch  and  pointed 
with  the  beveled  humerus  bone  of  a  monkey.  (PI.  LVll,  fig.  8). 
Finally  there  is  found,  as  will  be  seen  also  among  the  Bororo  anil  Guato, 
tbe  style  that  belongs  to  the  East  Brazilian  gronj).  A  itoint  with  a 
barb  or  hook,  effected  by  means  of  a  double- pointed  piece  of  bone  laid 
in  the  hollow  outer  end  of  the  fore  shaft  (compare  I'l.  HX,  flg.  6), 
wrap]>ed  with  thread  and  ])itclied,  is  used  among  theOanya  on  the 
Araguay,  as  well  as  in  Western  Brazil  and  Guiana.  It  is  found  among 
tbe  Aneto,  Kamayura,  and  Trumai.  On  one  side  of  tbe  smooth  wooden 
point  of  the  Baccairi  and  the  Nahuqua  arrow  lU  cm.  long  a  barb  is 
provided,  by  wrapping  a  little  tooth  or  jaw  spine  of  tbe  ant  bear. 
(I'l.  LVIl,  rtg.  IJ.)  This  practice  is  also  a  iM'ciiliarity  of  the  Car^a. 
The  use  of  the  spine  of  tbe  ray  is  al.so  in  vogue  here.  (Compare  PI. 
LIX,  fig.  13.)  Von  den  Htetnen  denies  that  the  6Shingn  tribes,  except- 
ing the  Yuruna,  used  the  barbed  wooden  point;  yet  there  is  in  bis 
collection  a  specimen  from  the  Kamayura  (1*1.  LVII,  fig.  12),  which 
exhibits  exactly  this  type  of  the  Sliingu  arrow.  This  point,  moreover, 
which  is  fonnd  abun<laiitly  on  the  Ocz  arrows,  must  ha\'e  come  from 
the  east.  The  Suya  and  the  Trumai  use  in  war  and  in  chasing  tbe 
jaguar  arrows  with  long  bamboo  knives  bound  to  the  end  of  the 
wooden  fore  shaft,  which  are  mannfiictured  on  the  Shingu  only  by  these 
tribes  (PI.  LVIl,  fig.  2).  Of  this  )>iitteru,  moreover,  there  is  found  an 
example  among  the  Kamayura.  The  Bac<uiiri  collection  contains  also 
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u:  arrw  V.J.  \ntii  '-*<••  ci  :fc^iiiadr  iMint.  PL  LVII.  fi^.  13.)  Howeyn. 
^je.*^  T'  o-t  Arrih'^o-  Irva  t^tf  «f  tlMr  Sav^  in  famu  and  reeembles  mnrh 
«».«*  uiu  of  tiMT  Vbtciui  «r  of  iW  Taittjoz  re^kiu.  It  is  stronplf 
l«<i>.ikv>  ibat  ife-  an***  taae  fahlia-  iroa  tke  Vnruna.  bnt  perhaps  it 
»  »  fT-r.^. .twfK*  of  ibf  eailitx'  k^w  of  ibe  Baeeairi  apoD  the  Arin<K 

i  ff  -.iat  f^atiwriiic  I  kar«  bnedr  vritXHi  in  the  general  classification. 
PL  LVIL  fi^  9.  L«t  it  be  Wtf  sni^r  renarted  that  tbe  variecated 
ftaiber-'  of  •ii?«T«^a  birds  are  boand  on  in  sptnU  wrappings  of  9U 
A*:fT*c**  At  thf  Dot-k  4^  ii^  gencrallj  ftiaiM]  a  wrapping  of  thread  a 
i^lair<::a/*  ^taxuru  as  on  the  Aneto  bow.  which  is  laid  over  a  riog  cai 
frimi  Ib«  bark  <tf  :be  wauhi  PbilodeDdron  >.  tu  which  is  also  fasteii«l 
a  Ititle  riug  of  red  leatber».  Sometinies  Ibe  feathers  an;  wiuiting,  and 
oi*]y  tbe  wrafipiDg  with  tbe  bark  ring  and  feather  tuft  remains.  The 
nock  i»  xniall  and  roand. 

<>n  Kome  arrows  of  tbe  Saya,  wbo  must  have  wandered,  according 
to  traditiifn,  froni  the  great  stock  of  the  Ge/..  ou  the  Araguay  and 
Tucaiitiiis  to  the  west  ax  far  as  the  Tapaios  and  back  tu  the  ShinjnL 
iiccnra  alHO  east  Brazilian  feathering.  Both  wrapping  material  (or 
feathers  are  made  from  white  bast.  Moreover,  on  the  tip  of  tbe  shaft 
is  fiiKteiiitl  a  tocum  not  ( I'L  L VI  I.  fig.  lOj  bored  with  holes,  by  means  of 
wbu-ii  it  seiidH  forth  in  dight  a  clear  sound.  This  toy  is  in  vogne  mi 
the  Tocaritins  as  well  as  on  the  Tapajos,  and  also  among  tlie  Arara  mi 
the  Madeira;  it  is  also  spread  among  the  Siiya  from  east  to  went  A 
circular  band  of  color  ou  the  shaftmeiit  of  some  Baccairi  arrows,  m 
wi-11  iiH  the  ciistoui  all  along  the  Shiugu  of  binding  tbe  shaft  and  fore 
Hhaft  with  windings  of  bast,  hints  at  Eastern  influence. 

Ill  hnefly  recapitulating  wo  must  recognize  decidedly  an  influence 
from  (lie  Kast.  Itap|»ears,  moreover,  that  the  more  sontheru  tribes  had 
Ih'C'u  lesHoven-ome  thereby.  Upon  the  relationship  of  the  eastern  Bw 
ciiiri  til  the  western  Baccairi  on  the  Aritios  the  language  must  be  tbe 
decider. 

Furthermore,  among  the  tribes  of  the  Up|>er  Shingu  still  in  use  among 
thr  (3iiyii])o  (PI.  Iil\,  lig.  17),  is  fouud  the  sewed  feathering,  which, 
ui-(!Mr<)tng  to  the  rcjmrt  of  Von  den  Steinen  (o|i.  cit..  p.  155),  hv, 
intnidcd  itself  from  the  majority  of  the  tribes  ou  the  Antgnay  and 
To(M»illns  to  those  of  the  upper  confluence  of  the  I'aranatinga, belong- 
liiK  to  the  drainage  of  theTapi^oz,  in  friendly  relationship  with  the 
tliicrairl  luiil  Nivhuijua.  ilowevor,  since  they  have  preservetl  in  arroira 
iiiid  Im)\vm  almost  itompletely  the  characteristics  of  their  principal  tribes. 
II  will  Ih<  nn)re  seaisonable  to  treat  of  them  in  the  discussion  of  the 
(•tisl(«rn  gnnips.  Outsiile  of  tribes  of  tbe  upper  Tapajoz,  treated  of  in 
(hat  whieh  follows,  who  in  addition  to  other  styles  possess  the  sewed 
IVnthering,  It  is  interesting  to  find  in  the  Marine  Museum  at  Kotterdam 
ui'it'w  .t  with  stiwwl  feathering  ttom  the  lower  Tocan tins,  from  the  Teinbe, 
>u  ittikiiowu  tribe  on  the  mainland  opjtosite  the  Ilba  de  Areo. 
■as  iVum  this  uuhuowu  tribe  that  the  Xeub«  ou  the  other 
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fiiflc  of  the  Tocantiii  received  this  techniqne,  a  tribe  from  the  Shio^, 
wliich  at  the  be^^iiniug  of  the  century  snpphviited  the  Carib  tribe  of  the 
Ajiiaka.  This  plienomeiion  is  more  ititcreBting  because  through  it  the 
center  of  radiation  of  the  sewed  feivtheriug  is  fixed  on  the  bead  waters 
of  the  ShiDgu  or  the  Paranatinga,  and  perhaps  this  feathering  can  be 
tixed  as  specially  Oarib.  Ttieret'oro  the  circumstances  bear  \i'itness 
that  ou  the  Madeira,  among  the  Antra,  who  are  to  be  assigneil  to  the 
Oaribs,  the  sewed  feathering  might  flrat  occur;  still,  even  as  eaailf  It 
could  bave  come  to  this  tribe  through  the  medium  of  tlie  Apiaka  of  the 
TapaJDz,  for  the  tyi>'cal  Arara  feathering  is  also  found  again  among  the 
Apiaka. 

Older  collections  from  t)ie  Shingu  iterliaps  will  furnish  information 
oil  this  topic.  Still,  the  i>o88ibility  of  finding  such  is  far  from  certain, 
liiiice  the  Hliiugn  tribe,  up  to  a  short  time  ago,  were  wholly  unknown. 
A  good  transition  from  the  central  group  to  the  westward  or  mixed 
group  is  furnished  by  the  settled  Baccairi  belonging  to  the  Shingu 
branch  of  the  Baccairi,  who  lead  a  peaceable  existence  as  agricultur- 
ists in  the  area  between  the  Paranatinga,  the  Ouyaba,  and  the  Arinos, 
in  slight  contact  with  their  culture.  As  we  know  from  the  act^ounts  of 
the  Baccairi  collected  by  Von  den  Steiuen,  both  divisions  were  orig- 
inally united  near  the  falls  of  the  ParaiiHtinga,  from  wliich,  accidentally, 
in  the  middle  of  the  last  century,  one  part  drew  away  upon  the  Konuro 
and  Batovy  to  the  Kulisehu,  the  other  settle<l  in  the  above-named 
region  in  a  sonthwestem  direction.  We  possess  some  arrows  of  these 
settled  Baccairi  in  the  Vienna  museum,  collected  by  batterer  in  1827 
frnm  the  Arinos.  (PI.  LVIll,  tig.  l~t.)  I  was  surprised  to  see  among 
them  Baccairi  arrows,  since  this  type  deviated  so  much  from  them  iu  the 
Vou  den  Steinen  collection,  so  well  known  to  me,  and  at  once,  by  nearer 
comparison,  1  could  prove  that  they  belonged  there.  With  exception 
of  the  point,  they  pertain  to  the  group  of  cemented  feathering,  and 
indeed  to  those  in  use  on  the  Tapajoz  and  on  the  Madeira  with  pointed 
notches  or  barbs  cut  oat  and  for  the  most  part  overlaid  with  reddish 
brown  pitch.  The  well-kDOwn  Uba  reed  of  the  Shingu  is  here  replaced 
by  the  lighter  and  thinner  Cambaynva  reed.  Von  den  Steinen  says 
(op.  cit.,  p.  229),  "the  settled  Baccairi  have,  since  they  became 
acqnaiuted  with  muskets,  given  up  the  (Jba  reed  in  general  use  on  the 
I'pper  Shingu  and  possess  now,  if  not  purely  boys'  arrows,  at  least 
ridhII  arrows  in  comparison  with  those  on  the  Khingn."  I  refer  this 
change  in  the  choice  of  material  and  the  turning  to  another  technique 
not  to  contact  with  culture  but  rather  to  association  with  the  tribes  of  the 
Ariooz  and  Tapi^joz.  Any  aftiliation  with  the  kindred  tribe  on  the 
Hbinga  later  has  demonstrably  not  taken  place.  This  tribe  was  known 
to  the  Fettled  Baccairi  only  through  the  tribal  history.  Assimilation 
with  the  Tapf^oz  tribes  could  for  that  reason  go  on  more  easily.  That 
the  western  Baccairi  originally  and  indeed  also  down  to  the  separation 
have  used  the  Uba  reed  is  proved  by  the  Baccairi  tribal  history  con- 
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eeming  the  plant.  That  the  sewed  feathering  is  i>ecnliar  to  the  who!- ! 
nation  and  wafl  not  fiist  adopted  on  the  Sbingu  by  the  eastern  Baccai~  j 
Im  Biuywa  by  the  fac-t,  as  will  be  seen  later,  that  the  western  Borvn 
living  at  the  head  waterx  of  the  Par<igaay,  who  {>erba]>s  at  the  ^axt 
time  have  tamed  awayftwm  their  eastern  brethren  on  the  Lorenzo  I'l 
J>VIII,flg.  17;,  in  twenty  years  had  adopted  the  sewed  feathering  an<l  ii 
some  measare  had  modiSed  it.  Bat  the  then  wild,  contentions  hon]e> 
conld  have  been  in  contact  only  with  tliu  still  united  Baccatri,  since  tlx 
vastem  IJaccalri  are  now  too  widely  separated  from  the  western  Bw 
eairi  to  be  in  touch  with  these.  The  northwestern  neigfabor&  tbt 
I'arcvi,  who  now  practice  the  sewed  feathering,  can  not  be  considemi 
as  middle  men,  since  at  that  time  the  Piireci  did  not  have  the  sevrd 
feathering,  while  already  the  Bororo  possessed  it.  "While  also  tli* 
western  Baccairi  prove  their  ethnographic  afhliation  with  the  Tapa>>! 
region  by  the  Oambaynva  reed  and  cemented  feathering,  they  betrav 
their  relationship  with  the  wild  Baccairi  of  the  Shingn  only  throngii 
the  i>oint  on  the  arrow.  Both  ^mints  have  been  ascribed  already  to  tlK- 
Shingu  as  uharacteristic,  the  bone  i>oiiit  from  the  hamerns  of  th>- 
tnonkey  stuck  on  the  foreshnft  (PI.  LYII,  fig.  S),  and  that  with  tk 
zygomatic  pn)ccss  of  tlio  ant-bear  (PL  LYII,  fig.  14]  boaod  as  the  Ri<lf 
of  n  palm-wood  point  nbout  ten  rontimcters  long,  which,  an  was  set^i 
alrently,  is  on  the  Shinga  peculiar  to  the  two  Carih  tribes,  the  Baccairi 
and  the  Nithuiiua. 

Concerning  the  bows  of  these  Baccairi,  unfortunately,  nothing  i> 
known.  Von  den  Steinon  rei>orts  only  that  they  are  smaller  than  tli<«c 
un  the  Shingu. 

From  the  tribes  of  the  Tapajoz  region,  which  is  only  i^artially  knuwt] 
to  us.  there  are  in  ninny  collections  piec^'es  whose  exact  location  mnst 
first  1k>  AxihI  by  com|>arison.  The  batterer  collection  in  Berlin  has 
nlst>  thn>\vii  some  light  on  this  region.  As  was  alrea<ly  bmagbt 
liirwiml  and  is  »p|Htrent  on  the  chart,  the  tribes  of  the  Tpper  Tapajoz 
n'pivseuleil  in  tho  cnUwtions,  in  addition  to  other  forms  of  arrow, 
hiivi'  those  with  sowihI  feathering.  We  assumed  already  that  the 
jHiiut  of  dilVi).«iikn  of  tlie  sewtil  feathering  on  the  Sbingu  or  of  the 
uuitett  I'tuH-au'i  mi^lit  have  l^een  on  the  attaravis  of  the  Parunatiuga. 
and  sln»U  ihen'fure  s*fk  to  tiud  out  the  path  along  which  it  arriv^Ml  at 
the  irilH's  ^■ttleil  on  the  Taimioz  and  Ma«leira. 

Ka.<tteru  iniliicu«-t>  in  the  Ta(K(j»/  region  api^ears  first  to  be  a  s*v- 
(uul-try  i-ousider.i[ion.  The  pnnri)<tl  migraliou  has  taken  plaee  from 
wetil  u>  e*si  W!'sh  ene  U.i.-.  Ihtu  Che  original  lyiie  of  bow  and  arrow 
in  the  T.  '  -^  ""  Io:;^r  deCermiuaM*  on  arcoont  of  tb* 

»U\ww!>  'v«"!  e\;s:-;:^  side  by  side.    As  may  be  sw-n 

titvtt  !b<>  '  ''*^'  (>e »:>':■  snraco!  by  the  Balvrial  on  three  or 

i^t  I'.tiv*  t  •.■::iri::o-_  •>:"  :V  echiw^iapUc  (Characteristics 

,.'■ '.  -■.«■  l"'>  '■  '^ ' v"-*  •  '  '^t:  '"^  o?»»!«  tW  rharl  is  entirely 

s*it;\><u.\U  "1"  *-'i   lN;ruv.an  osMeal  feathering,  aad  the 
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western  Baccairi  mark  the  farthest  projection  of  this  ethnographic 
development  from  the  west.  The  ecinent  feathering,  which  has 
wandered  from  the  west  to  the  ea»t,  whose  starting  point  is  to  be 
sought  in  Pern,  has  undergone  many  variations  in  its  h)ng  journey  to 
the  Tap^oz.  In  the  Mato<inis8o,  corning  westward,  is  found  Mie 
lyi»e  of  feathering  with  the  Mot<rh(>8  cut  out,  ou  which  generally  a 
little  bunch  of  red  featliers  is  fastened.  (I'l.  LVIII,fig.ir>.)  The  Madeira 
Itiver  is  approximately  the  boundary  between  tliis  anil  a  western 
groap,  where  the  cenieut  featiiering  comes  In  witliout  notches,  but 
with  bands  of  network  woven  on  the  nhafts.  In  tlie  great  Parentintim 
tribe  these  groups  toncli  one  another.  A  common  peculiarity  with  the 
cement  feathering,  and  also  with  the  Aram  fciithering,  is  a  decoration 
of  the  shaft  by  means  of  small  encircling  bands  made  of  white  quill, 
which  explains  the  wrapping  in  stci>i>ed  winding  of  cotton,  previously 
mentioned  as  on  the  Shingu.  (Pl.LVIII,lig.l4.)  These<)uillringHareto 
be  found  among  all  groups  of  the  cement  feathering,  and  have  perhaps 
servetl  a»  Maggestive  metliods  for  the  bsist  rings  nn  the  Shingu  sewed 
feathering.  The  Arara  feathering  apiicars  to  have  derived  the  quill 
ring  likewise  from  the  pitoh  featiiering,  as  will  be  seen.  It  is  in  this 
manner  further  ]>erl'eeted  tliTougli  an  ornamental  we^iving  in  black  and 
white  strips  of  quill.  (PI.  LVIII,  lig.  17.)  The  notch  has  been  here  copied 
IVom  the  arrows  with  cement  feiitbering  influenced  by  the  Arara  tyi>e, 
and  is  cut  out  narrow  and  with  a  pointed  angle. 

Geuerally  in  this  Matleira-Tapujoz  region  a  large,  browl,  baralioo 
I>oint,  ;tO  to  40  cm.  long,  is  distributed,  which  on  one  side  is  cut  into  an 
angle  lying  in  the  long  a\is,  and  is  hollowed  out  on  the  under  side  so 
tLat  the  cross  sectuin  shows  a  concavo-convex  outline.  (PI.  LVIIT,  fig. 
Hi.)  The  foreshaft,  upon  which  the  point  is  fastened  by  means  of  a 
wrapping  of  threa<1,  extends  somewhat  above  this  wrapiiing  and  is  set 
at  its  other  end,  wliich  is  poiuteil,  into  the  bamboo  shaft.  This  point, 
which  differs  firom  the  bamboo  points  of  the  western  region  as  well  as 
from  those  of  the  IShingu,  is  found  outside  of  our  region  also  among 
the  Arawak  tribe  and  the  Juberi,  on  the  Punis.  It  is  well  t*>  mention 
that  tliis  point,  like  the  cement  feathering  of  the  Madeira,  has  gotten 
as  far  as  the  Tap^joz. 

Likewise  a  peculiar,  barbell  point,  which  is  formed  by  a  spiudle- 
slia])ed  bone,  10  to  I't  cm.  long,  pointed  at  both  ends  and  seized  at  its 
iiikhlle  upon  the  upper  end  of  the  foreshaft,  ajipears  to  have  <!ome 
aniongthe  Apiaka  and  Mauhe  from  tlic  Miuleira  in  abundance.  (PI. 
LVIII,  fig.  10,  J  ThenceitspreadamongthcParentintim,  and  from  them 
is  to  he  found  among  the  Manaos  on  the  lower  reaches  of  the  Madeira. 
Id  a  remarkable  way  it  makes  its  appearance  also  on  the  Tocantins, 
where  exists  also  a  kind  of  Mauhe  feathering.  If  I  had  not  found 
examples  of  this  in  difl'ereut  nmseums  labeleil  Tociintins,  I  should  have 
attributed  them  to  the  Taps^joz  area. 
Of  the  distribution  of  the  Arara  an<l  the  Mauhe  feathering  mention 
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baH  already  been  made.  (PI.  LYIII,  Iig».  13  aod  14.)  Witb  tbe  Ann 
feathering,  aa  well  as  nith  the  cement  feathering,  the  pretty  and  wi^ 
known  stepiied  wrapping  is  chiefly  associated,  which  ^tateiuent  apfdie^ 
to  the  feathering  as  well  as  to  tbe  aniting  of  the  shaft  to  the  foresiuut 

The  Manbc  featbering,  which  hi  perhaps  a  Tapi  featheriofr  luodiGK 
tbroagb  the  Guiana  tyi>e,  comes  into  consideration  here  ooly  so  far  v 
Maube  arrows  have  lieen  foand  among  the  Apiaka  and  the  Alnndmcn. 

In  contradistinction  to  the  Shinga  region  we  here  find  tbe  Cambar 
uva  rifed  distributed  throaghont  the  upper  basin  of  the  Tapajoz  ami 
tbe  1'ba  reed  thronghont  the  tower. 

In  comparing  collections  at  my  command  from  the  Madeira  and  tbe 
Taimjoy,  tribes,  it  became  nuexpeetedly  possible  to  recognize  the  pruseni 
{tosition  of  the  nniiiue  metamorphosis  of  the  type  caased  tbroagb  for 
elgn  inflaence.  In  the  Natterer  <M>llection  of  IS27  it  may  be  obse^^'«l 
that  on  the  Tapajo/.  the  cement  feathering  appears  among  the  A]>iaki, 
Mundracn,  Bacciiiri,  and  Paieci.  It  is  now  assimied  that  on  acooam 
of  the  similarity  oi  form  among  tbe  Pareiitintim  and  the  Apiaka  tlw 
tyj>e  of  cement  feathering,  together  witb  tbe  well-knnwn  bamlxm  ami 
bone  points  from  the  Parentintim,  came  last  to  the  Apaika,  and  fri>iu 
these  went  downstream  to  the  Miindrncu  and  npstreaiu  to  tbe  Pareti 
and  Itaccairi.  Uiton  tbe  relationship  of  these  tribes  to  one  aiiotber 
little  is  known;  only,  Martins  has  said  concerning  the  warlike  Man 
driicu  and  Apiaka,  that  enmity  and  friendship  idternate.  {Bcitnlgp 
znr  Ktbnograpbie  Sndamerikas,  pp.  211,  391.)  It  is  easy  to  conceive 
that  the  Apiaka  came  upon  their  long  canoes  into  contact  with  thf 
I'areci  and  tbe  neighboring  Baci^airi  dwelling  at  that  time  still  further 
northward.  {Ibid.,  2tMi.)  In  1828  tbe  gold  prospector  Lo|>ez  niusi 
bnve  camped  with  some  Haccairi  under  escort  of  Apiaka  Indiuns  on 
the  Peixes  liiver,  an  adjoining  stream  to  the  Arinos.  At  any  rate  the 
oc<'nrrenco  of  the  sewed  feiitliering  among  the  Apiaka  bints  at  com- 
innni<-ation  witb  the  Baccairi.    (Von  den  Steinen,  op.  cit,,  p.  3SS.) 

lu  tbe  arrows  of  the  Apiaka  at  that  time,  eastern  influences  had  been 
nmalgiunateil  with  western,  and  sewctl  feathering  and  Baccairi  |>oi&ts 
had  be4>n  iniiteil  with  cement  featliering  and  Madeira-Tapajoz  i>oints  by 
eummeifo.  The  little  barb  bound  diagonally  on  the  side  of  tbe  jkoint, 
IHH-uItar  to  the  Bwcairi.  is  here  abundantly  represented  by  a  small 
imlni-wtMHl  spine  (cf.  PI.  I.VII,  flg.  14).  tbe  long  palm-wood  point  at 
times  gn>)ttly  thickens  in  tbe  midtlle,  as  is  customary  on  the  T'cayale. 
I'^rther,  tber«>  is  to  be  found  among  the  Apiaka  an  arrow  with  Hauhe 
feathering  and  Tat^Mo/  bone  point,  but  with  a  Cambayuva  shaft. 
Impraetienble  fur  this  kind  of  feittheriug. 

llp»»n  the  Paw>ci  arrows  with  eenteut  feathering  is  seen,  along  with 

Vw  point,  also  rweived  from  the  Apiaka,  a  long  wooden  point 

Varp  teeih  or  barbs  set  opi>osite,  pn>jectiDg  at  different  dis- 

^nl.  and  stri|ttHl  thronghont  its  entire  length  with  clear 

■  {MUMtit.    The  ott'uri\'uce  of  a  poisoned  arrow  on  tbe 
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Upper  Tapi^o;;  ift  very  surprUin^,  and  it  must  be  assumed  that  this 
irrow  came  either  tVom  the  Mundrncu  or  from  a  tribe  settled  westward 
III  the  Madeini,  since  outside  of  the  extiuct  Tapi^oz,  wbo,  aceordiug  to 
A.cnria's account,  possessed  {wiaoued  arrows.  (Martins,  op.  cit.,  p.  382, 
iS8.)  On  the  Tapajoz  Hiver  only  tie  Miindrucu  knew  of  this  practice. 
Tlie  i'areutiutini  have  a  similar  toothed  projection  on  the  foreshaft  of 
iLii  itrrow  with  bone  point. 

Along  witit  the  cement  feathering  is  found  among  the  Paieci  aud  the 
iJabiscbi  related  to  them  the  Arara  feathering.  Still,  it  is  here  notice- 
altiy  smaller,  and  there  is  wanting  the  stepped  weaving  customary 
uinoug  tlie  Arara.  Connected  with  it  is  associated  also  the  bamboo 
poiitt  ill  use  iimong  the  Arara.  Since  there  is  found  in  the  batterer 
collection  among  the  northern  Tapajo/.  tribes  no  Arara  feathering,  there 
must  be  assanied  adirect  contact  of  the  Pureci  or  Cabiscbi  wilh  the 
A.rara  tn  tbe  sonth  who  must  inhabit  thestill  uukuown  region  between 
tlie  Juruena  and  tbe  Maileii'a.  The  variation  which  the  Arura feather- 
ing baa  undergone  at  the  hands  of  the  I'areci  is  thus  accounted  for,  if 
tbe  difl'erentiiition  bud  already  sufficient  time  to  take  )da<-e  lielbre  tbe 
exploration  of  Natt«rer. 

Tbe  feathering  of  the  Oabist-hi  arrow  is  like  that  of  the  Arara  in 
length,  but  shows  at  tbe  butt  end  a  very  carefully  cemented  wrapping 
with  flue  liast  (Von  den  Steinen,  op,  cit.,  p.  420),  which,  as  will  be  seen, 
L'xbibtts  a  similar  workmanship  to  that  of  the  Uororo  on  the  Gaba^-al. 
As  generally  happens, the  bamboo  i>oint  has  another  form  here.  It  runs 
to  a  sharp  ti]i  with  tlatoncave  section  and  has  at  the  inner  end  edges  cut 
oblii{Ue.  According  to  the  account  of  Captain  l)e  Molta  (cf.  PI.  LX, 
tig.  17),  in  the  ye;ir  18KC.  the  i'areci  have  tbe  siMiie  weapons  as  the 
Cabiscbi. 

In  the  arn>ws  of  the  Mundnicu,  living  to  tbe  north  of  tbe  Apiaka, 
meet  and  cross  the  types  of  tbe  cement  feathering  of  the  Apiaka  and 
tbe  Mauhe  feathering.  It  is  merely  a  ^wisoned  arrow  with  a  lisb-spine 
point  projecting  forward,  which  calls  lo  mind  similar  pieces  on  the 
Upiier  Negro,  but  shows  tbe  usual  cement  feathering.  The  Mmidrucu 
iiinst  first  have  learned  in  modern  times  the  use  of  arrow  poison,  and 
this  they  did  not  invent  themselves,  but  borrowed  it  from  the  northern 
neighbors.     (MiU'tius,  op.  cit.,  p.  3S0.) 

To  discnss  the  arrows  of  the  Mauhe,  living  entirely  outside  of  the 
Mattt  Crosso,  is  beyond  the  scope  of  tbis  paiier.  They  also  have  been 
strongly  inlluenced  by  Maileira  forms.     So  rest  the  accounts  of  1827. 

There  are  outsideof  tbe  Natterer  collection  two  smaller  ones  of  whose 
date  of  ticquisitiou  nothing  is  known,  but  from  a  eoni{KLrison  with  that 
of  Niitterer  it  ap|)ears  to  have  been  secured  later.  One  of  these  collec- 
tions iu  the  British  Museum  has  the  mark  "  Apiaka,  Uiu  Tapajo/,  below 
the  mouth  of  the  Juruena."  Tbe  other,  iu  the  museum  at  Stockholm, 
aciiaired  on  the  coast  from  the  Brazilian  General  Silva  da  Castro,  has 
uo  data  of  locality,  but  is  to  be  ascribed  also  to  the  Apiaka. 

Google 
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S_i«e  !*.!■  ATT. It*  :■  i_*  Bnasb  MoKnin  represent  exactly  the  type 
t£  5ar:*T»^'*  Atu-a.  ac-i  :*jrtMmlarlT  hi«  Tora  arrow,  they  luay,  pro 
T-^if^  :^  '-A^I  A;  jU  u  to  be  rMained.  have  come  over  directly  froB 
«oe  Artz%  z.-  :^'r  Ari^ka.  A  cbararteristic  of  tlie  Arara  arrows  K 
b«s.t>H  :uc  ic^'r^.-z.  :ii«  freqoent  ocL-urreiice  of  beaotifally  toothed 
ioc.»:«'L:.is  I'L  LVIII.fig.l7  .Thk-hare  also  to  be  fouiid  among tbr 
J^'utr.  oc  t^^  K.»  Partis,  arid  in  sonewbat  modified  forms  amoug  the 
Ca.-b:vo'-".  :!.«  i-.vt*  reayale,  A  more »trikiug  |>eeuliarity  is  the  deoo 
ra:i»o  of  zLt  ~iijf:  ?<y  aeaos  of  ornamental  vraiiping,  carefully  btid  id 
Mni*^  of  ML.:r  and  black  (|aill.  Among  rJie  Arara  the  setting  of  » 
Tik-hb  int  r£.  !'L  LVI).  Ag,  10  on  the  shaft  is  practiced,  and  i>erba|w 
came  to  tbem  fmta  ibe  Taiojoz.  where  the  Snya  got  tbo  idea  from  tbi- 
eaHtvaid.  The  Tora  arrows,  re^wmbliiig  in  essential  pnrticalars  those 
of  the  Araro.  have,  however,  adjmning  tbe  f|aill  work  a  painte^I  oni» 
Dient 'PLLVIII.fig.  I'^.on  thewrappeil  buig  of  tbe  bamboo  jmintjwbidi 
also  ihe  amtws  of  tbe  Pareutintim  sbow  abundantly. 

Wbtle  theae  arrows  exhibit,  indeed,  the  pare  Antra  ty]>e  and  on  that 
account  do  not  leave  the  indication  of  locality  free  from  objection,  tbe 
nnroarke^l  arrows  of  the  Stockholm  Mnseum  with  greater  certainty 
maybe  ascribetl  to  tbe  Apiaka.  They  show  partly  a  nnion  of  cemeni 
feathering  with  the  most  general  fashion  of  the  Arara  arrow;  are,  in 
fact  Arar^  arrows  passetl  over  to  tbe  Apiaka  type.  One  arrow  dis- 
plays the  variety  of  scwwl  feathering  discovered  by  Natterer. 

If  we  now  stndy  the  boys'  arrows  in  tbe  Von  den  Stetneii  colletitinn 
of  18S8  (op.  cit.,  p,  433),  belonging  to  the  l'nre<;i  tribe  who,  acoonlin; 
to  that  antlior,  have  exchanged  bows  and  arrows  for  muskets  and  given 
the  former  to  1>oys  for  playthings,  we  shall  see  also  Uie  vai'icgate<l  sewed 
feathering. 

It  appears  also  that  this,  which,  indeed,  long  before  the  beginning  of 
the  reiitiiry,  bad  gone  westward  as  lar  as  tbe  Arara  tribe  in  a  some- 
wlmt  simplified  form  first,  in  much  later  times  bad  found  its  way  anioog 
the  northern  tribes  of  the  Tapajoz. 

We  may  now  bring  together  briefly  the  results  of  stntlies  upon  tlie 
Mmleim-Tapnioz  region.  The  bow  and  the  arrow  types  of  the  Tapi^oz 
IribcH  hIiow  prepondernling  westerly  inliueiicea,  which  the.sc  re<-eivwi 
fi-oin  tbe  PuriMitintim  nnd  the  Arara  by  way  of  the  Madeira.  The  first 
domoMHlnible  intrusion,  the  migration  of  the  cement  feathering,  came 
upon  tbo  Apiaku  tVom  tiie  Pareutintim.  Thence  it  foand  wider  distri- 
bution 111  tbe  TiipiOo/  region.  Perhaps  at  the  same  time  tbe  sewed 
IWtheriiiKOl  Ibolliiceniri.  somewhat  varied  among  the  Apiaka, extended 
to  Ihe  Arnrii,  and  a  third  stream  moved  along  from  tbe  Arara  to  tbe 
t'tdilsebt  and  the  Ptirevi.  Later  came  also  the  Apiaka  into  direct  god- 
l,„<(  -  ■'  •' -«  Avain  nnd  MHfiveil  their  tyi>e  unmodifietl.  The  sewed 
tlM  'iwliih'  intrudctl  soutbwanl  and  was  received  by  the 

i\  'kiujj  iu  of  the  Manlie  ty|>e  is  only  of  a  secondwy 

im 

iot"  tlio  Ta|ti^K>'   r\'ffion,  which  are  known  only  by 
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name,  we  possess  iio  collections.  Of  tlie  Cayabi,  near  iieigkbors  of  tlie 
Baceairi  on  the  Rio  Venle,  Von  den  Stehien  says  "that  they  use  arrow 
shafts  of  Oambayuva  reed."    (0|>.  cit.,  p.  392.) 

The  distribution  of  the  bow  types  is  very  simple  in  the  Tapi^oz 
region  and  shall  be  touched  on  only  brielly. 

T)ie  Museums  ixissess  bows  of  the  Mauhe,  Mandmlm,  Apiaka  and 
X'areci,  and  some  with  the  geuernl  label  Tapi^oz. 

Martins  describes  (op.  cit.,  p.  '203, 401)  two  different  bow  types  among 
the  central  Tupi,  to  which  stock  twiong  for  the  most  part  the  tribes  on 
the  Tapujoz.  "  They  shoot  long  arrows  from  immense  bows,  often  longer 
thau  a  mail,  mode  from  the  black  wood  of  a  palm  tree  or  the  red  wood 
of  a  mimosa,  whose  strings  are  twistcil  out  of  Tucum  fiber  or  cotton." 
The  bows  fr'om  black  palm  woo<I  belong  to  the  Pern  gronj),  and  are 
rei>resented  on  the  Tai)a.ioz  by  Apiaka  and  Pareci  examples.  (Cf. 
PI.  LiVIII,  tig.  1.)  The  bows  made  of  red  leguminous  wood,  pao  d'Arco 
of  the  Portngncse,  with  semicircular  cross  section  are  of  the  northern 
Brazilian  tyiie  and  here  occur  among  the  Mundrucu  and  the  Manhe. 
They  arc,  for  the  most  part,  manufactim-d  by  the  Manhc  and  brought 
to  the  friendly  Mundrncu  through  traile.     (PI.  I.VIII,  fig.  10.) 

Martins  met  on  the  Tiipajo/.  a  chief  of  the  Mauhe  who  bnmght  ont  a 
bow  of  red  wood  to  the  Mundrucu  and  excbangcil  it  for  feather  orna- 
nieiits.     (Martins,  op.  cit.,  p.  B8.) 

A  bow  IHO  cm.  long  (I'l.  LVIIl,  figs.  G-9)  of  dark-brown  woo<]  in  the 
(Copenhagen  Masenm  with  ornamented  ends  which  exhibits  an  artisti- 
cally carved  Iiuman  head  having  eyes  inlaid  with  motlier-of-i>earl  over 
which  a  line  runs  on  both  sides  in  a  meandering  pattern  is  moat  inter- 
esting. In  cross  section  it  belongs  to  the  North  Brazilian  bow  region. 
The  peculiar  ornament  is  found,  moreover,  on  a  war  trumpet  in  the 
Copenhagen  Museum  whic:b  was  found  among  the  effects  of  the  Prince 
of  Nassau  in  the  middle  of  the  I7th  century  and  of  which  Kbrcnreich 
baa  given  a  short  liccount  in  Globus.  Fnrthermore,  this  same  orna- 
ment is  to  be  seen  on  two  remarkable  little  boards  in  tlieChristiania 
Museum  as  well  as  on  a  club  in  the  Martins  collection  in  Munich,  illus- 
trated in  Katzel's  "  Volkcrkuude"  (II,  p.  575).  But  in  Vienna  the  label 
"Muudrucn"  is  u|>on  a  war  trumpet  which  had  been  overlooked  having 
the  same  ornament.  The  decorated  end  is  bored  through  for  the  fasten- 
ing of  the  cord,  a  fashion  entireiy  out  of  vogue  now  in  Soath  America. 
The  cord  is  a  thick  twisted  gut  string.  In  the  middle  or  grip  the  bow 
is  whittled  on  the  inner  side  tor  belter  handling. 

Pmm  the  Pareci  two  bows  are  in  hand,  one  from  the  Natterer  collec- 
tion, the  customary  Peru  bow  nnule  from  black  palm  wood,  the  other,  a 
boy's  bow,  also  made  of  black  palm  wood,  brought  by  Von  den  Steinen 
kaving  the  North  Brazilian  form.  Here  occurs  a  rare  instance  in  which 
a  tribe  adopts  a  foreign  form  without  nsiug  for  it  the  customary  material. 
The  form  of  thp  North  Brazilian  bow  has  either  gone  to  the  Tapajoz 
"titwards  through  the  Mauhe  to  the  Pareci  or  been  received  fi-om  the 
Tcra,  from  whom,  aa  was  seen,  tlic  painted  ornament  arrived  on  the 
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TapajoE.  Whetbcr  tlw  road  vhich  the  PemTiao  bow  took  toward 
tbe  Tapajuz  i«  that  <rf  the  remeiit  feathering  is  not  determined,  since  the 
only  UTTitriMf  PaimtiBtiin  bow  in  the  Bwiin  Moseuiu  shows  angular 
edges,  while  the  Apiaka  and  Tareci  bows  are  ronnded.  Perhaps  this 
bafi  iu  ori^  amoDt;  the  tribes  settled  higher  up  on  the  Madeira  who 
poshes-  KiBiilar  bown. 

Having  sketched  in  the  foregoing  iiages  the  ethnographic  cbaracter- 
isties  of  tbe  Tmpmjoz  region  anil  rexrorded  ttie  ethnographic  infomiatioD 
coneeming  ^hingu  and  Tajtajoz  peujile^,  I  shall  proceed  iio  fnrtber 
aotoog  the  Madeira  tribes,  since  these  indeed  do  not  belong  peculiarly 
to  the  Hato  tirosso  and  are  of  interest  only  as  tliey  iuduenceil  the 
character  of  tbe  Topajoz  region.  L'pon  tbe  characteristic  formt*  wbirb 
tbe  migration  to  (be  Tapajoz  made  necessary,  comntUDication  lias  been 
■iiaile  in  the  conr»e  of  the  foregoing  narrative. 

Tlie  Aiagoay  region  preseutx  only  jinre  eastern  forms,  so  titat  ben 
in  exhibited  a  nincti  more  simple  ethnographic  pictare.  Bows  as  well 
as  arrows  belong  to  the  almost  unit«<l  group  of  Eastent  Brazilian  bow$ 
and  feathering.  By  tbe  evidence  of  the  Shiugn  tribes  it  could  l>c 
emphasize!!  that  some  arrows  of  the  8uya,  like  those  of  ttie  Ynmua  of 
tlie  lower  Shingii,  deviate  very  much  from  the  Shingn  tyt>e  awl  belong 
to  the  eastern  feathering  gronp. 

Tbe  Hnya  are  as  already  seen,  tbe  member  of  the  ties  or  Tapny^t 
stock  most  widely  pnsbe*!  to  tbe  west,  and  they  have  in  spite  of  their 
lung  backward  stretched  roa«I  to  the  Tap^ozand  to  the  Shingn,  and  in 
spite  of  tlie  manifold  crontact  with  other  tribes,  held  on  partly  to  the 
old  tyjie,  or  after  they  hwl  set  their  foot  again  on  the  Shingu  adopted 
anew  the  eastern  fetttbering. 

The  Vnrnna,  who,  as  is  ascertained  through  Von  den  Steineii,  are 
known  through  their  travel  downstream  and  possess  not  tbe  slightest 
knowledge  of  the  Sliingu  tribes,  stand  in  more  co.istant  touch  with  the 
widely  briini^lied  and  extensive  Cunya  tribe,  who  control  the  region 
from  the  upper  Aragnay  entirely  to  the  lower  Sbingu  and  are  the 
dreadetl  o[>ponents  of  the  Sliingu  tribes.  Vou  dau  Steinen  fonnd 
among  the  Vurunii  Garaja  prisoners  as  well  as  a  club  captured  from 
this  tribe,  and  further  among  the  Kamayura  of  the  Sliingu  a  cinb  and 
an  arrow  of  the  Aruma,  an  ethnographic  horde  belonging  to  the  Uaraja 
tribe.  Moreover  correspondences  to  tbe  Car^a  type  were  previously 
observed  on  the  Baccairi  arrows.  The  Yuruna  live  on  the  borders  of 
the  eastern  and  the  western  feathering  and  bow  regions,  and  they  have 
received  from  the  western  region  the  dark  i>alni-wood  bow  and  from  tbe 
east  the  arrows.  (IM.  LVIil,  figs.  1-3.)  The  bow  exhibits  not  tbe  eus- 
tomaiy  form  on  the  Tabt^oz,  but  resembles  more  that  in  use  farther  to 
the  west,  with  sharp  reirtaugular  cross  section. 

Topping  out  substantiates  the  theory  of  migration  conceni- 
i'  I  Tnpi;  the  stepped  wesiving  is  also  found  here.    The 

a  'runa  have  the  Oanibayuva  reed  shaft  in  vogue  on  the 

I  n  which  a  wooden  foi-e  shaft  is  attached  by  means  of 


BOWS  AND  ARROWS  IN  CENTBAL  BBAZIL.  571 

a  vrrapping  of  bast.  The  upper  end  is  oititnes  chatiiiele<l,  and  in  the 
cavity  a  doable  piece  of  bone  is  fastened  by  means  of  a  wrapping  of 
fine  thread  cemented  over,  after  tlie  cnstomary  manner  on  the  Shingit 
( PI.  JAX,  flg.  6).  In  another  kind  of  arrows  there  is  on  the  point  of 
tlie  fore  shaft  a  long,  similar  strong  bamboo  point,  with  half  moon, 
coiicaTo-coiivex  cross  section  tied  on  by  means  of  neat  wrapping  of 
thread  around  the  tang,  and  the  fore  shaft  is  packed  in  a  furrow  cut  oat. 
Xlie  bamboo  point  resembles  precisely  in  form  the  one  mentioned  as 
belonging  t«  the  Baccairi  on  the  Hbingu.  (PI.  LVII,  flg.  13.)  Still  a 
direct  connection  is  exdnded.  Where  the  common  origin  is  to  be  sought 
cfiu  not  be  conjectured.  Also  are  seen  arrows  with  a  simple  stick  of  hard 
wood  sharpenedandstuckin  the  front  end  of  the  shaft.  The  feathering 
is  very  similar  to  theOaraja  style  (PI.LIX,  figs.  8, 9};  two  whole  feathers 
almost  20  cm.  long,  opitosit«  each  other,  are  wrapped  fast  to  the  shaft 
with  thread  in  slightly  spiral  arrangement,  and  the  ]>ointH  of  the 
feathers  stick  out  at  the  butt  end  in  form  of  a  tuft.  The  decoration  of 
the  lower  part  of  the  shaft,  and  nmch  of  the  fore  shaft  with  wide  spiral 
and  longitadinal  lines  painted  in  black  and  yellow  lac-like  colors,  is  also 
abundantly  practiced  by  the  Canya.  The  nock,  which  iscytiudrical  on 
the  Caraja  arn>ws,  is  here,  as  on  the  Tocantiris  and  Tapiijoz,  coutinued 
to  a  i>oint. 

The  Caraja,  whose  linguistic  affiliation  with  the  Ges  group  is  not  yet 
made  out,  are,  as  Bhrenreich's  collection  proves,  surely  to  lie  a^MTcdited 
to  it  <-thnographically.  Bows  and  arrows  show  the  characteristics  of 
the  eastern  type  and  corresi>ond  almost  entirely  with  those  of  Crahaos 
and  Ohavaiites,  their  eastern  neighbors,  belonging  to  the  ties  or  Tapnya 
stock.  The  itredilection  of  the  tribes  belonging  to  this  group  for  the 
use  of  bast  for  fastening  feathers,  fore  shafts,  and  baml>oo  points,  which 
is  to  be  seen  on  the  Shingn  Kiver,  is  also  in  bold  relief  in  the  Caraja 
'  crafts.  The  wooden  point,  with  unilateral  barbs,  characteristic  of  tlie 
(!e8  of  the  southeast  (cf.  PI.  LVII,  flg.  12),  which  had  i>eiietrated 
already  to  the  Kamaynra  and  arrived  among  the  Snya,  is  not  found 
among  the  Caraja.  Only  the  arrow  originating  from  the  hordes  of 
the  Aruma,  wbicli  Von  den  Steinea  got  on  the  Shiiigu,  shows  this  Ges 
point. 

The  bow  is  beautifully  wrought  out  of  dark-brown  palm  wood  and 
decorated  with  feathers  and  ornamental  wrappings  of  thread.  (PI. 
LIX,  flgs,  1-5.)  In  the  manipulation  of  the  material,  the  circular  cross 
section  flattened  occasionally  on  the  back,  and  the  peg-shaped  ends 
characterize  es(«11ently  the  South  Brazilian  bow  of  the  Botttcndo  and 
Pnri.  However,  near  the  Car^a  and  thence  to  the  Shingn  and  south 
to  the  Cayapo,  it  shows  fundamental  dependences  on  the  bow  tyx>es 
there.  It  is  slightly  bent,  aboat  2  m.  long,  and  strung  with  a  strong 
cord  twisted  from  threads,  which  is  knotted  on  one  end  and  on  the 
other  encircles  the  peg,  then  returns  on  the  back  of  the  bow  about  half- 
way, as  was  seen  on  the  Singu,  where  it  is  made  seinire  under  seizings, 
^e  lower  end  of  this  wrai)piug  is  decorated  with  a  compact  layer  of 
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leaves,  held  od  by  means  of  black  cotton  thread  boand  closely  down. 
At  the  end  of  thLt  bowistring.  Tonnd  backward  and  colored  with  white 
clay,  is  a  hvge  yelluwi>b-red  Imnch  of  feathers,  bound  on  as  omaiuentL 
Moreovtn.  aboat  both  ends  i»  wrapped  a  step|>ed  pattern  about  5  cm. 
brijod.    The  deenration.s  are  rrei|nently  wanting. 

The  arrows  are  <|nite  as  varefiilly  maile  as  the  bowa.  The  shaft  is  of 
Caoilmynva  reeil,  and  the  fore  shaft,  of  different  kiude  of  wood,  is  G-e- 
^jnently.  as  among  the  Ynrnna.  adorned  with  yellowish- brown  or  red 
lines  and  i>«>ints  in  lae-like  painL  Among  the  very  diversely  shaped 
I>oints  ot^cor  only  two  ah-eaily  known,  the  smooth  wooden  point  and 
the  Abort  bone  point  iPl.  LIX,  lig.  G)  .-^t  in  slantingly  in  the  wooden 
ftin:  shaft,  which  is  common  among  the  Yamna  and  ajNm  the  Shingn. 
Frei|ueiitly  this  iMtue  pieee  is  replaee^l  by  a  fish  spine.  (PI.  LIX,  fig. 
y.i.)  A  i>ei'uliar  |>oint,  which  is  maile  of  a  delii-ate  cylindrical  bone  cat 
oil'  oblitiuely  at  the  outt^r  eiiil,  is  tremeuted  upon  the  point  of  the  fore 
shall,  reminding  one  also  of  a  similar  form  on  theShinga,  only  there  the 
b.irbs  are  wanting.  Moreover,  there  are  two  noteworthy  jtoints  of  palm 
woo<l  to  l>e  mentioned  as  peculiar  to  the  Carina.  One  of  ttiem,  lanceo- 
late, two  edged,  with  an  angle  on  one  bn>ad  side  and  the  other  roanded. 
The  second  i>oint  is  kuife-blade  shai>ed,  with  a  somewhat  serrate  edge 
at  the  inner  extremity  of.  the  eilge.  (1*L  LIX,  figs.  II,  12.)  Both  call 
to  mind  similar  soutlicrn  forms  among  the  Ceuf^ia  tribe  in  Paraguay. 
A  lighter  arrow  for  small  game  is  made  wholly  from  a  piece  of  Cam 
bayiiva  reed  whittled  to  a  point.  (PI.  LIX,  fig.  15.)  The  arrows  with 
bamboo  iKtints  (PI.  LIX,  fig.  14)  deviate  greatly  from  the  ty^ies  ap  to 
this  time  described.  The  delicate  long  point,  30  to  40  cm.,  is  hollowed 
out  on  the  ioner  si<te  only  or  very  little  and  runs  somewhat  to  a  beak- 
forme^l  i>oiut  in  front  and  is  rounded  nbruptly  at  the  inner  end.  The 
fore  shaft,  shovml  into  an  excavated  socket  in  the  shaft,  is  lightly 
wrappe<l  the  whole  length  of  its  union  with  Cijh)  bast.  A  bird  arrow  . 
exhibits  a  short  wooden  knob,  thickenwl  conically  toward  the  front  and 
terminating  in  a  blunt  point.  (PI.  LIX,  fig.  10.)  The  feathering  is 
arrang<Ml  ui>on  the  same  principle  as  that  of  the  Yuruna,  but  dillers  from 
it  in  more  careful  \t'ork  and  in  the  single  points  characteristic  of  the 
Cariiji).  The  fastening  of  the  feather,  moreover,  is  wrought  with  black 
thread  (I'l.  LIX,  lig.  8),  or  leas  frequently  with  winding  of  Oipo  (PI, 
LI  \,  fig.  9),  in  which  often  also  little  tufts  of  red  feathers  are  canght; 
also  the  lower  long  binding,  which  here  for  the  most  part  is  oftected  by 
windings  of  tlirciul,  and  stepiH-d  piitterns  includes  often  red  feathers  as 
dccoi-ation.  Ahnost  always  liere  also  the  sbaftnient  is  painted  with  re<I 
and  yellow  varnish  in  lines,  whereby  an  individual-  taste  is  to  be  recog- 
nt2e<l  in  decoration  still  remaining  on  several  examples. 

nicntione<l,  the  Chavautes  and  Crahaos,  living  eastward 
oi  and  Tocantins,  are  with  little  deviation  to  he  reckoned 

ir  :>f  Cari^ia ;  only  less  care  is  bestowed  in  the  manufiic- 

ti  |Hins,  and  so  the  dueor.itiou  is  frequently  omitted. 
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Whether  all  tho  difliereut  varieties  of  ]HiintH  almt  exist  airiong  them  ia 
not  kiioTTti.  There  hnvebcen  examiued  arrows  with  knife-bisule  [Mints 
of  bamboo  (PI.  LIX,  flg.  14),  thoso  with  doable-iMtiiited  boue  tip  (PI. 
I-IX,  flg.  6),  laid  on  dingoiially  at  the  fore  end,  arrowR  with  smooth 
wooden  points,  and  finally  those  cut  from  a  single  pieite  of  Cambayura 
reed.  Still  the  Ghavantes  may  possess  for  war  also  an  arrow  with 
toothed  i>oiuts  of  wood.    (PobI,  Keise  in  Brasilien,  vol.  ii,  p.  30.) 

The  bows  of  the  Crahaos  are  somewhat  different,  since  the  belly  has 
a  flat,  guttered  excavation,  and  only  one  end  is  cut  to  a  i>oint,  while  the 
other  end  is  blunt. 

The  Arnnin  arrow,  alreitdy  mentioned,  is  likewise  of  Caraja  tyjte,  bat 
the  characteristic  toothed  point  of  the  ties  stock  is  here  found.  (PI. 
LVII,  flg.  12.) 

It  remains  now  only  to  mention  the  bows  an<l  an'ows  of  the  Cayapo, 
in  the  batterer  collection,  from  the  repon  abont  tho  sources  of  the 
Araguay,  iu  the  eastern  Matto  (irosao.  They  occupy  ethnograi>liically 
a  middle  iwsition  between  the  Sbiugu  and  Kast  group  and  the  tribes 
settled  on  the  sonth  of  the  Mato  Groaso.  The  iwculiar  bow  of  the 
Cayapo  (PI.  LIX,  fig.  10)  is,  in  spite  of  its  apparent  isolated  {wsition, 
to  be  relegated  to  tbe  Kast  Brazilian  tyi*e.  Here  also  the  cross  section 
is  fixed  by  the  nature  of  the  material.  While  the  remaining  part  of  the 
bow  is  nearly  straigbt,  its  pointed  ends,  about  Ut  em.  long,  arc  bent 
inward  at  an  angle  of  120  degrees.  In  order  to  give  a  sullictent excur- 
sion to  the  bowstring  of  twi8te<l  vegetable  fiber,  a  ball  of  cotton  ia 
wonnd  about  the  bow  at  the  inner  part  of  the  nock.  The  bowstring  is 
knotted  on  one  end  and  ends  with  a  sling  at  the  other  end  of  tbe  bow. 
In  a  wide  spiral  winding  tlie  rest  of  the  string  is  then  carried  back,  as 
in  the  Oaraja  bow,  and  caught  under  conipiiet  bands  of  wrapping  alHiut 
10  cm.  iu  width.  The  arrows  give  evidence  in  tho  sewed  feathering,  as 
already  remarked  by  Von  den  Stcinen  (op.  cit.,  pp.  151, 153)  of  a  long- 
endnring  friendly  relation  with  the  tribes  of  the  Sbingn,  est>e«^ially  the 
^ahaqna  and  the  Cayapo,  whielt  lias  proceeded  as  far  as  the  I'arana- 
tinga — indeed,  perhaps,  as  far  as  tho  Koiniro.  Associated  with  the 
sewed  feathering  and  the  ronnder  nock,  the  pre^lominantdeschanMiter 
of  the  arrow  is  also  striking.  There  are  found  here  the  (Jambayuva 
shaft  made  fast  to  tlie  jiotnt  by  means  of  a  wide  wrapping  of  Oipo ;  also 
the  long,  unilaterally  toothed  wooden  point  (PI.  LVII,  fig.  13)  and  the 
so-called  Caraja  bamboo  i>oint.  The  winding  of  the  i>oint  to  the  shaft 
with  wrapping  of  thread  is  here  rude  and  meager,  so  that  the  fore  shaft 
isseen  through.  (PI.  LI.\,  fig.  17).  A  strengthening  of  the  shaft  by 
partial  wnipptng  (ft  tlie  Cipo  is  seen  on  the  Oayapo  arrows  and  those 
of  the  Bororo. 

The  tribes  of  the  sontbern  Mato  Grosso  are  to  be  studied  in  common, 
attbongb  they  exhibit  great  ethnographic  differences  and,  as  tbe  chart 
teaches,  are  to  be  rangetl  jiartly  with  the  West  Peruvian  group  and 
partly  with  the  East  Brazilian  group.    They  belong  to  the  Paraguay 


,-Re^M  MM  ■*>-  -mro  -\w^  avp  'HHnMlrri  -ii  iiflawamaitiretydillueiit 
rratt»  *f  tadr  '<•  ~l«r  ^ndi'vnm-'btwnifr  -v^a^  m  a  'lirvcClT-  oppoxite 
-.in>iin»-i  "it  iir  ':-'«»  ir  lur  Lwtran^  rjpattt.  afaiajEiu  luwl  Aragiuy. 
TiMnr  fUiwrTUi'i.r  irv-:<-<i^i^B'  ^^«v  "CMHi  ji  -iiicet  jsasciatiofi  witt 
-ttai  If' wwif^vr^  7iwei'- •uiir  iif  :ni^':iie~rTbe*-if  cbeaiKt&.w^ni-floviBf; 
'—.•rx  -vuro.  :i>r  ~±i>>  iiinr  i^cr.  up  "nsiiiiHi  TuiiiiL  Gii«ir  own  ilzaJiagc 
ro^rtHx.  HUt  «u"  uxae  «u>AitL)i—  .inr^  ^ee  ^wf  in  eoocairs  with  tribes 
t^  k  mcmv>r-ii)C  [rauuef*  '•>  "rn-j  umnc  -^rinMiyaphic  adjastDteota. 
ruv«-^>r.  'jftf  "UK  :r^i«»  'OiifiiatE  iumusc  nnrtli  on  tfae  P&raeoay 
:r>qpin  -aaw  .:ir><  T^inenr  -imh-ji  -rxu^  -iiu  5:rk«M  ooiiibtirm^  to  them  M 
-.'(rr"-7  iiic  <«:^-iiub>)L  uuL  m  ^Jt-  nmrrsrr.  :c  j»  prored.  a«  wms  shown 
''i»  •;:mr  t''  ~.ii^  Ch  uvai  kcrtw  jiui  <I.^-3pM  -vekpaa.-^.  For  that  maoo 
*k»r<>  Kf\  3<''«'  V  t.-Tk'T-i  Tp  i-c  :ju  -tramttrraftuii:  4>-wlopawiit  of  th« 
w^.i«  ST''-^''  -k  -iiuuiRe  tort^  r>-:4ptwrm)£  :h»  n^,rii>a  whieh  woaU  be 
tUr.-M  -nz-nrri  'iut  -^wuij  ii',pM:iii«'  .it  auuiv  types  grooi  different 
fl  rMtSiriT.*  .~  Vi  ttut  '>c  'j.-m^ri  'iu  ratiiaTTif;  <£XpaikMoa  of  a  domiDating 

U-t  'liv.to.r..  r.AOto'ij.  tr-kC  ^  wact  Already  ^cen  roBceniini;  the  B^c- 
fMti.  A  fi*9ip^.  f^m  •U-.«^"^>  A^>c£  •-ncireiy  diverse  ethDU^T^hie  lines 
thtimieh  *iivi:*i'<Tjj«  aod  WAader.r.j  »w»y  into  tvnot«  partH.  It  is  the 
i-»MT  h#:r«;  witti  fix?  iSororo.  vh<j>^  wirstem  braaeh  approaches  tb«  Shin^ 
trilM'M  in  t)t«rir  ff^tti^ni;  ami  ha»  ncetTe*!  ita  bow  in  cMomerce  with 
tlinr»r»i(naytntx^wliile  the  eastern  braiMrh  has  heM  on  to  the  <mginiil 
Miinmou  niixMl  type  of  eastern  reatbering  «ud  bow  throoghoat.  These 
tw<itritH-ft,  wlxnte  ilevelopment  is  easily  dentonstraUe,  can  be  considered 
iiiiiirf.  wliMi  it  <MHneH  to  the  siody  of  the  fnudameutal  type.  On  this 
KKttiiiil  II.  in  Willi  to  dimniss  tbe  raragnay  tribes  of  the  Mato  Grosso  in 
nitiiiiKiri. 

'I'liK  lliiroro  trilm,  the  Kjiecial  representative  of  the  native  sootbeni 
Mill"  lli'OHHo  iMpiiliitioiiM,  who,  if  not  the  aatochthones,  oocnpied  the 
I'i'ulo'i  <>r  t,lw  Noiitheni  Mato  4iroaao  as  far  back  as  any  information  of 
III!'  liHio  1h  Itiwl,  HfKMuiiUy  the  upper  Paraguay  portion,  existed,  indeed, 
HliM'<>  llio  |it'<'vloiiN  (:<iiitiiry  in  two  groups,  which  have  gone  forth  out  of 
ll„i  |i>kIiiii  (it'i'vlotiHly  diHCussed  between  the  Lorenzo  and  the  Para- 
uHiiv.  mill  I'miiii  whiiili  outward  the  eastern  section  pressed  forward  into 
thi>  vli'lully  (*r  tlifl  t!iiya|Hi,  on  the  upper  Aragiiay,  the  western  halt 
IHiotinu  <>«<'<'  *!■<'  (^iiyttliii  1"><I  the  Paraguay  and  halting  at  the  western 
i<iiiillut>U('i'  III'  lhi<  I'amguuy.     The  Itomro  area  hunter  tribe  purely, 

,  l,j,_  chnse,  held  oti  tenaciously  to  their 

jj,  unrestrained  free  character  and* 

II  totid  ronceniiiig  close  appIicatJOD 

,j,  f  the  tiller  of  the  soil.     While  the 

m-ceoded  with  great  difficulty  with 

J^j,  „  hostile  iiidiR[>o8ition  to  link  their 

^     ^^  and  to  settle  in  permauent  aldea- 
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ments,  tlie  plan  to  interest  thoiii  in  the  cultivation  of  tlie  soil  did  not 
succeed.  They  remained  liunters  as  before,  and  only  acknowledged 
with  sufl'emnce  a  fcnardiansUip  on  the  part  of  the  Government  while 
adv»iitag«.'8  accrued  to  them  in  this  way.  Tbeir  supimrt  was  abnn- 
iliuitly  cared  for,  so  that  they  themselves  were  not  brought  to  want  for 
foot!  or  any  other  necessaries  of  life.  But  the  bunting  and  flsbing 
went  ou  in  spite  of  their  common  occupation.  When  these  no  longer 
served  tbcm  as  a  means  of  livelihood  tbey  were  pursued  as  Rport.  The 
reduction  of  the  two  groups  hapi>ened  at  (juite  different  times.  While 
tbe  Bororo  of  the  west  were  already  settled  in  the  first  half  of  the 
century,  the  other  half  extended  for  a  long  time  hunting  and  pillaging 
tbrou{;h  the  camps  before  it  was  [tossible  to  bring  them  to  remain  for 
some  years  on  the  Txirenzo. 

The  thi-ee  collections  from  the  Bororo — that  of  Natterer  in  Vienna, 
that  of  Rhodes  and  of  Von  den  Steinen  in  Berlin — are  from  the  two 
sectious  of  the  Bororo  after  tbuir  separation  and,  excepting  tbe  Bororo 
of  Cabai,-al,  after  their  subjugation.  There  is  wanting  the  type  of 
weapon  of  the  Bororo  from  the  oldeu  time  when  they  were  united. 
Htill  it  is  possible  to  reconstruct  the  common  type,  partly,  since  from 
both  groups  jiieces  of  the  same  ty]>e  are  in  band.  Through  thi^  it  must 
be  accepted  that  in  the  Von  den  Steinen  collection  of  the  year  1888, 
shortly  after  tbe  settlement  of  the  eastern  branch,  this  tyi>e  partly 
returned,  and  in  the  Natterer  collection  of  the  westt^rn  Bororo  (collected 
in  1827)  it  is  to  be  seen  that  only  the  eastern  Bororo  continued  tbe 
origiual  common  type  after  the  separation,  and  have  only  through  com- 
merce with  their  neighbors  on  the  Araguay  adopt^rtl  varietiit  forms. 
The  mucli  longer  absence  of  association  of  the  eastern  Bororo  in  com- 
parison with  tbe  western  substantiates  this  view,  while  much  feebler 
associations  with  culture  and  with  other  tribes  would  render  possible 
imd  easy  a  constancy  in  the  making  of  weajtons  which  are  perfectly 
sacrwl  to  them  as  their  crowning  i>eculiarity.  Let  us  examine,  there- 
fore, first,  inoHt  carefully,  the  bows  and  arrows  that  Von  den  Steinen 
collected  in  the  year  1888  in  the  colony  of  Thereza  Christiana  (PI.  LX, 
figs.  1  to  0),  newly  established  in  1887,  from  tbe  [Mint  of  view  that  we 
have  here  to  do  with  a  purely  hnnter  folk  whose  peculiarities  caltare 
could  not  have  wiped  out. 

Tlie  bow  was  their  most  precions  possession  as  the  only  means  ol 
livelihood.  This  belief  finds  its  expression  in  the  estimation  in  which  it 
was  held.  Von  den  Steineu  says  (op,  cit.,  p.  502)  that  after  tbe  bow 
and  arrow  of  a  bead  of  a  family  are  burnt  up  in  the  funeral  fire'along 
with  the  household  stnll',  the  Bnrvivors  receive  fVom  friends  bows  and 
arrows  as  pledges  for  the  foundation  of  a  new  household.  Arrows, 
moreover,  furnish  the  pr&ient  of  the  lover  to  tlie  girls  and  women  of  tbe 
ranchao,  by  whom  they  are  given  over  to  their  brothers.  With  arrows 
anil  especially  shaped  bows  the  fortunate  slayer  of  a  jaguar  would  be 
distiugoisbed,  and  arrows  furuish  the  medium  of  exchange  for  cotton 
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aud  tobitcco.  In  tlieir  cercmoDieei  tliese  weapons  play  a  leading  role. 
In  tlie  conseuratiou  of  tlie  skull  of  a  dead  man,  a  long  aud  complicalal 
mortuary  ceremony,  five  bows  set  up  in  a  semicircle  form  tlie  foanda 
tion  of  a  kind  of  sanctuary.  Wbether  in  tlie  traditions  here  as  on  the 
Shingu  the  arrow  plays  a  special  role  is  not  known.  The  great  value 
of  the  bow  and  arrow  naturally  finds  expression  in  the  carefulness  of 
their  inanufavture.  Since  they  set  forth  the  chanicteriatic  attributeof 
the  hunter  they  are  prepared  only  by  the  men,  who  expend  a  |>aiii»- 
lakiiig  atxurivcy  and  care  upon  their  iirodnction.  Perhaps  centiiriea  of 
nsiug  the  bow  and  arraw  have  develo^ied  difi'ereut  kinds  for  diSereot 
functions,  which  show,  indeed,  the  same  characteristiu  marks  of  Ibe 
tribe,  diiferitig  in  the  choice  of  material  and  the  form  of  the  point. 
The  arrows  for  war  and  for  hunting  larger  inannnals,  as  the  jaguar. 
being  much  lieiwier  in  consequence  of  the  use  of  the  dense  Seriln 
palm  wood  for  the  shaft,  have  their  peuutratiug  i>ower  greatly  increased. 
Arrows  with  shaft  from  light  Cambayuva  reed  :u«  lighter  and  bare 
longer  flight. 

These  original,  characteristic  types  of  weapons,  since  they  seem  to 
remain  relatively  pure,  enable  the  student  t4>  recognize  through  them 
tribes  far  away  and  correspondences  with  neighboring  forms.  From 
their  next  neighbors,  the  Cayapo,  their  hereilitary  enemies,  they  appear 
never  to  have  learned  the  great  strengthening  of  the  shaft  by  wrapping 
it  with  Cipo  bast,  and  this  makes  obtrusive  the  similanty  of  their 
arrow  with  that  of  the  Car;^a  and  with  certain  forms  on  the  Shiugn. 
Firstly,  in  the  feathering,  beautifully  executed  and  decorated  with  little 
tufts  of  feathers,  a  relationship  with  the  Caraja  arrow  can  not  be 
recognize<l,  likewise  the  form  of  the  bamboo  point  of  the  peccary  arrov 
is  the  same  as  that  of  the  Oaraja  bamboo  iMtnt  previously  de.scrib«d. 
To  both  tribes,  furthermore,  the  plain  arrow  cut  out  of  a  single  piece 
of  Cambayuva  reed  is  common.  (PI.  LIX,  lig.  15).  The  barbed  woodeo 
point  of  the  fishing  arrow  is  suggestive  of  the  Oes  form. 

All  these  correspondences  jioint  to  the  east  or  the  uortbenat ;  for  all 
that,  relattonsbips  with  t)ie  western  tribes  are  not  to  be  denied.  The 
pointsmadefromthetubularpart  of  the  humerus  bone  of  a  monkey  (PI. 
IjVII,  fig.  ^)  are  common  to  them  and  the  tribes  on  the  Shingii,  the  west 
Bororo,  and  the  Gnato.  An  artificial  winding  of  the  dark  O'lint,  asso- 
ciated with  the  loosened  wind  of  the  reed  at  the  butt  end  of  the  feather- 
ing, points  to  similar  work  on  the  northern  Paraguay,  the  black  and 
white  wnipping  of  thread  for  the  fastening  of  the  feather  (PI.  LX, 
fig.  9;  cf.  fig.  14)  is  likewise  iu  use  among  the  southeastern  tril)es— the 
(luato,  for  example.  Theattachmentof  thebow  t<»  the  Peruvian  tyjieis 
recogniiteil  by  the  natural  iieculiarities  of  the  materials  and  thecrosi^ 
section  (PI.  LX,  figs.  1  to  7),  as  must  strikingly  appear,  sinre  these 
stand  out  isolated  in  the  eatttern  Brazilian  bow  region.  The 
vood  bows  with  greatly  thickeniil  ends  are  somewhat  aber- 
-  of  their  long  elliptical,  somewhat  hollowed  crosa  sectioo. 
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The  fastening  uf  lenf  filaments  on  a  bow  as  n  preminm  for  having  Main 
a  jagnur  as  veil  also  mt  the  beautiful  decorations  on  the  chiefH  bow 
with  wrappingB  and  tuftsof  feathers  are  entirely  like  the  Car^acnstom, 
While  the  Bororo,  just  described,  api«ar  to  have  preserved  the  type 
of  their  hunting  weaiwna  relatively  pare  up  to  the  time  named,  the 
weapons  of  the  Bororo  of  Oaba<;at  and  those  of  Caniitanha,  the  west- 
ern groai»  on  the  Cabo^al  and  the  Jauni  seem  to  have  yielded  more  to 
foreign  iofluence  through  contact  with  other  tribes.     Tliese  Bororo 
also,  already  having  become  sedentary,  in  the  first  half  of  the  century 
held  fWst  to  the  old  custom,  were  prejudiced  against  agriculture  and 
continued  hunters.    However,  through  continuous  tuuch  with  culture 
and  with  their  influence  destroyed  they  are  to  day  entirely  subdued. 
The  dispersion  of  weapons  went  hand  in  hand  with  the  wanderings  of 
this  tribe.     The  two  collections  from  these  Bororo  were  brought  together 
at  different  dates.    That  of  Natterer,  assembled  in  1827,  containing 
arrows  of  the  Bororo  of  Cabat^nl  and  Campanba,  comes  from  a  time  in 
which  the  Bororo  of  Cabai,;al  were  still  ranging  free  in  the  wilderness, 
but  the  Bororo  of  Cami»anba  had  then  been  brought  under  control  for 
some  years.     It  is  now  seen  that  the  arrows  of  the  Itororo  of  Caba^'ol 
have  from  the  first  held  to  the  original  type  to  which  the  Bororo  on  the 
Lorenzo  retnm.    The  broad  bamboo  i»oint  of  the  characteristic  jaguar 
arrow  (PI.  LX,  fig.  8),  which  is  so  cut  that  the  knot  on  the  reed  shaft 
nmH  across  the  point,  the  loose  shaltin^  of  the  i>oint  as  well  as  the 
working  of  the  intractable  Seriba  palm  woml  to  a  very  long  foresliall, 
as!U)ciate(l  with  a  very  short  Gambaynva  reed  shaft  is  a  reminiscence  of 
the  old  union  with  the  eastern  Bororo.    The  feathering,  however,  with 
the  feathers  toothed  on  the  margin  has  decidedly  the  chai-acteristic  of 
the  Uuato  arrow  (PI.  LX,  fig.  14),  though  in  this  tribe  there  is  want- 
ing the  peculiar  arrangement  of  the  nock.    Whether  this  Influence  can 
have  been  exerted  u[>on  their  westward  wandering  when  they  may  have 
come  in  contact  slightly  with  the  (inatu,  or  happened  for  the  first  time 
later  after  they  already  hoA  settled  on  the  Itio  Oaba^al,  is  in  doubt     An 
association  with  the  Guato,  the  water  nomads  of  the  upi>er  Paraguay,  is 
very  probable.    The  bow  manil'ests  no  variations  whatever.     It  is  about 
the  same  simple  nuadorned  weaponof  theorigiual  Bororo  on  the  Lorenzo. 
That  these  Bororo  did  not  know  tbe  decoration  of  the  wea{K>n  with  little 
fentber  tutts,  shows  that  tho  Bororo  of  the  East  had  not  beeu  brought 
ill  contact  with  this  techidi|ue  originally  but,  as  ulreiidy  mentioned, 
tiave  taken  it  ftom  their  later  neighbors. 

The  Bororo  arrows  of  the  Campanba  in  the  Natterer  collection, 
vhich  Were  received  from  them  after  they  had  already  become  settled 
by  conquest,  show  an  advance  in  the  migrations  hinted  at.  Before 
all  else,  the  Cambaynva  reed  nsed  for  sliafts  of  arrows  was  entirely 
replaced  by  the  Uba  reed.  The  abundance  of  the  I'ba  reed  (SyneriuM 
KKckaroideg),  on  the  one  hand,  and  the  influence  of  the  Gnatu  using  it 
and  perhaps  of  the  Baccairi,  on  the  other  hand,  have  occasioned  this 
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ohauge.  As  a  single  sarvival  of  the  time  belbre  the  separation  of  tht 
Boruro,  there  is  to  be  seeu  among  the  Bororo  of  the  Campuiilw  the 
jaguar  (PI.  LX,  fig.  8)  arrow  point,  with  foreshaft  of  Seriba  palm  wowL 
The  feathering  of  this  arrow  is  here  entirely  different.  (PL  LX,  fig. 
17.)  The  feathers  are,  in  spite  of  the  constaut  disastent  of  this  tiibe, 
set  on  the  shaft  with  very  niu<;h  more  elegauce  and  care.  When  tie 
Baccairi  of  the  Tapf^oz  region  are  contrasted  with  one  auotfaer,  this 
technique  wonhl  seem  to  have  come  only  ftx>m  the  Baccairi  od  tbt 
Faraiiatiuga,  earlier  united  with  the  Boron>,  while  the  wide  Bei>aratk« 
of  the  Bororo  from  the  Baocairi  of  the  Shiugu  does  not  allow  contact 
with  them  to  be  timuglit  of.  Moreover,  the  highly  developed  techniqae 
hint«  that  the  reception  of  the  sewed  feathering  must  have  occDrred 
already  iu  much  earlier  time — >indeed,  shortly  aft«r  their  waDderio; 
into  this  region.  Eventually  this  form,  indeed,  had  already  bet-ome 
known  to  the  Bororo  before  the  split  and  was  lost  by  the  easUn 
Bororo.  The  Pitreci,  tlie  northwestern  neighbors  of  the  western  Bororo, 
can  not  be  regarded  as  intermediaries,  because  they,  in  more  rvceot 
times,  as  was  seeu,  first  received  the  sewetl  fotithering  from  the  nortL. 
As  for  the  origiu  of  the  Bororo,  sewed  feathering  on  the  Shiugu  calls  to 
tnind  that  also  on  that  river  the  bone  ]>oint  from  the  humerus  of  th« 
monkey  (PI.  LVII,  fig.  8),  as  welt  as  the  wooden  point  of  the  Baccairi  anil 
the  Nahuqna  with  side  barbs  of  piiliu  splint  wrapped  on,  were  known 
to  the  Bororo  (PI.  LYII,  tig.  14).  In  opposition  to  this  approach  to  the 
iShingn  type  is  the  setting  aside  of  the  old  Bororo  bow  and  the 
adoption  of  theOuato  bow  (PI.  LX,  fig.  10),  only  a  little  modified.  An 
anpracticed  eye  would  with  difllcnlCy  discriminate  the  bows  of  these 
two  tribes.  These  bows  belong  to  the  eastern  Brazilian  ty^ie,  tutd. 
indeed,  also  here  is  to  be  found  the  bow  with  biist  wrapping  dilTused 
in  the  western  i)art  of  this  region.  The  more  or  less  round,  slightly 
beut  bow  slave,  made  from  the  brown  wood  of  Che  Caranda  palm,  is 
throughout  its  entire  length  closely  wrapped  in  imbrications,  with 
about  '2  cm.  broad  strips  of  <Jipo  negro  or  Liana  bast,  only  the  ends 
are  free  and  bluntly  iM>inted.  A  strong  palm  fiber  bowstring  is  carried 
back  on  this  wrapping  for  a  quarter  of  the  length  of  the  bow,  as  in 
those  on  the  Sbingu  and  the  Oajara. 

The  second  i-ollection  of  the  western  Bororo,  by  Hhode,  in  1884, 
brings  to  us  anotlier  stadiam  of  development.  Iu  the  sixty  years  Utat 
l>a88ed  after  batterer's  journey,  the  disadvantageous  inflacnceB  of 
culture  likewise  worked  to  the  detriment  of  the  Bororo  uf  Campanba 
and  of  Caba^-al,  aud  from  Vou  den  Steinen's  account  (op.  cit.,  p.  Hi) 
they  to-day  form  only  a  poor,  starving  society.  This  is  more  wonder- 
All,  becjin^e  after  the  year  1827  a  certain  constancy  in  the  making  of 
their  wettpous  is  shown.  The  sewed  feathering,  no  less  than  the  how 
points,  has  become  entirely  domesticated.  A  similar  bamboo  point 
(PI.  LX,  fig.  Iti)  to  that  found  among  the  Baccairi  and  Ynmna  occurs 
also  here  aud  is  ussociitted  with  the  sewed  feathering.    It  appears  also 
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to  have  eome  among  the  Boioro  from  the  Baccairi.  However,  as 
already  made  clear,  it  ia  not  easy  to  say  whence  the  Baccairi  received 
the  poiut.  Bat  tlierewitb  aleo  has  the  contact  with  the  Baccairi 
belonged,  since  after  the  aettlemeiit  of  the  Bororo  the  conflict  north- 
ward must  have  ceased.  It  has  at  the  present  time  a  stronger  assimi- 
lation with  the  Gnato,  the  water  nomads,  which  went  on  until  the 
Bororo  came  hereaboat.  So,  as  at  this  place  the  Bororo  received  the 
bow  Item  the  Qaato  in  thie  region,  these  last,  in  reciprocity,  took  the 
bone  point.  The  Uba  reed  has  entirely  8Ui>er8eded  the  Oambayava 
reed.  To  the  etont,  lojig  shaft,  which  often,  as  among  the  Qnato,  is 
made  up  of  several  pieces  l>onnd  together  with  wrapping  of  Gipo,  ia 
made  fast  a  harder  knotty  wooden  foreshaf);  by  means  of  Gipo  wrap- 
ping. These  are  all  the  arrows  with  whioh  the  Onato  are  familiar. 
Unt  of  the  originally  much  diversified  arrow  forms  remain  now  only 
two,  the  one  with  the  bamboo  point  and  the  one  with  the  bone  point. 
With  the  bamboo  point  (PI.  LX,  fig.  16)  is  associated  the  sewed 
feathering;  with  tlie  bone  poiut  (cf.  PI.  LVII,  fig.  S)  belong  a  feathering 
similar  to  tliat  of  the  Gaato  type.  However,  the  peculiar  form  of  the 
barb  i»  always  wanting. 

Of  the  tribes  that  live  sooth  of  the  Bororo  no  one  is  appropriately 
to  be  assigned  to  the  Hato  Groeso.  They  dwell  together  in  the  deep 
Kwampy  lowlauds  of  the  Paragaay,  which  fhruish  the  transition  to  the 
great  Plains  of  the  Gran  Ohaco.  Howerer,  there  are  some  tribes  yet 
to  be  brought  into  this  discussion,  since  the  ethnographic  connection 
with  the  Bororo  are  so  (itriking  that  omitting  them  would  leave  the 
ethnographic  picture  of  the  Mate  Orosso  incomplete. 

The  Onato,  already  frequently  mentioned,  a  people  in  their  tribal 
afhliatiouB  quite  as  anknown  as  the  Bororo,  lived,  so  far  back  as 
information  of  them  goen,  upon  the  upper  Paragu^  and  its  tributaries, 
vhich,  at  the  time  of  the  inundations  during  half  of  the  year,  when 
their  homes  are  partly  submerged,  they  navigate  as  geunine  water 
nomads  in  their  canoes.  Driven  to  the  water,  they  live  chiefly  upon 
flsh,  which,  in  the  absence  of  books,  they  bunt  skillfully  with  bow  and 
urow  (Oastelnan,  Voyage,  etc..  Ill,  p.  9),  an  art  which  is  commonly 
spread  over  South  America, 

The  bow  (PI.  LX,  flg.  10-13),  as  mentioned,  almost  the  same  as  that 
of  the  western  Itororo,  has  as  a  variation  a  thick  tuft  5  cm.  long,  which 
IB  shredded  Irom  the  end  of  the  Oipo  filaments  aud  wound  fast  about 
the  bow,  serving  for  a  better  security  of  the  bowstring.  The  Cipo 
vrinding  is  cleaner  and  tees  carefully  laid  on  than  among  the  Itororo. 
The  bowstring  is  made  from  the  shredded  fiber  of  the  Tucum  palm,  or, 
according  to  Castlenau,  also  out  of  the  gut  of  the  monkey  (Castlenan, 
Voyage^  HI,  p.  14),  and  is,  as  among  the  Bororo,  in  its  prolongation 
dropped  less  close  aud  fast  about  the  bow.'  The  arrows  of  the  Guato 
are  distinguished  by  the  feathering,  the  same  as  those  of  the  Bororo. 
^ng  with  the  bone  point,  which  was,  indeed,  transferred  from  the 
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Bororo,  and  also  with  a  harpoon  arrow  with  anilatwvlly  b^bed  ptot, 
there  is  in  the  Rhode  collection  a  bamboo  point  (PL  LX,  Bg.  15) 
having  nothing  in  coinmon  with  those  of  the  ^roro.  It  ia  namw. 
is  a  Hattiened  circle  in  cross  section,  and  is  made  fast  upon  Ute 
short  foreshaft  by  means  of  a  narrow  band  of  Oipo  wrapping  meralf. 
and  the  foreBhaft  is  not,  as  generally,  inserted  into  the  pmnt,  tmt  is 
spliced  on.  The  Natterer  collection  fnrnlshes  tiie  same  style  of  ano». 
bat  only  with  bone  point.  Arrow  shafts  made  ftt>m  pieoes  joined, 
already  mentioned  among  the  eastern  Bororo,  are  held  together  aiB<^ 
the  Gnato  with  fish  gtne.    (Oastelnau,  op.  cit.,  Ill,  p.  14.) 

The  ftoUiuring  (Plate  LX,  fig.  14)  of  the  Guato  arrow  la  worthy  of 
remarif  in  its  deviations  from  that  of  the  Bororo.  Oenerally  one  half 
of  the  plume  of  the  feather  w  cat  toothed,  as  also  partly  among  the 
Bororo  of  Caba^al.  The  fastening  of  the  smooth  fiaather  lying  flat  on 
the  shaft  is  etT^ted  in  the  customary  teehuiqae  of  the  eastern  Braal- 
ian  tyiKj  by  means  of  a  cotton  thread  at  the  iouei-  and  oater  end,  whitt 
is  blackened  at  the  npper  extremity.  Sometimes  Oipo  is  also  otiliBed, 
which  mostly  continam  trom  the  apjier  wrapping  to  the  lower  in  a  longtr 
spiml,  simply  encircling  the  shaft.  This  also  calls  to  mind  similar  obcb 
ofMmrring  among  the  eastern  Bororo.  The  notch  is  worthy  of  noliee. 
Two  pegs  of  hard  palm  wood  driven  into  the  border  of  the  nock  prevent 
tlie  reed  from  being  Split  and  rendered  oseless  by  the  dischu-giog  of  the 
arn>w.  This  practice  was  foand  Already  in  the  Manhe  feathering  (PI. 
LI  X,  fig.  13),wlierein  a  notched  wooden  nock  is  driven  into  the  end  of  tbe 
-  arrow,  atechiiiqne distributed  throngboattbeeal»renortheaHteniregH>ti 
of  South  America  and  having  its  origin  in  Oaiaua.  A  more  extended 
eCbcount  will  be  given  in  the  projected  work.  The  technique  employed 
by  tbe  (inato  in  tlie  manafactaring  of  tbe  notch  diSering  froin  the  ons- 
tomaiy  method  allows  the  belief  that  they  discovered  it  independentlj 
of  the  northern  nock  techniqne.  Ontside  of  a  few  tribes  neighboriog 
to  the  Uuato  the  nock  pegs  are  nowhere  fband. 

From  tbe  Unana,  the  last  people  here  to  be  considered,  there  is  in  ^ 
Natterer  t-ollectioii  only  one  long  harpoonarrow  with  the  IiibefOuana, 
Presidio  Albuquerque  and  Miranda  on  both  banks  of  the  Paragnay, 
Mato<}rosso  and  Bolivia."  It  is  absolutely  of  the  Gnato  type.  Tbe 
shaft  is  of  Uba  rc«d}  the  foreshaft  is  fastened  on  by  means  of  ('ipo,  and 
the  long  t^Bather  or  shaftmeiit  terminates  in  nook  pegs,  only  there  is 
npon  the  smooth  foreshaft  of  redwood,  most  commonly  used  in  tbe 
Gran  Gbaco,  an  iron  point  aet  with  bark  pointing  backward.  Throagb 
this  similarity  with  the  Gnato  and  indirectly  with  the  Bororo  arrow  tbe 
story  (von  den  Steiuen,  op.  cit.,  p.  379)  of  the  coming  of  the  Guana  from 
the  north  out  of  the  Arinos  region  gains  probability.  DobrizhofiiBr, 
who  traveled  from  the  Ohabo  westward  from  Albnqaerqne,  alleged  that 
they  differed  from  the  Ohaco  people  and  that  they  did  not  use  the  horse. 
Natterer  and  Castelnan  fonnd  thera  in  the  Presidio  Albnqnwqne  and 
^irauda,  in  three  hordes,  the  Gnana  proper,  the  Teronos,  and  the  Lai- 
oa.    While  also  the  use  of  the  horse  is  not  meutiooed  among  the 
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Goaoa  proper,  the  Lftianos  and  Terenoa  are  described  an  riding  people 
(Casteluaa,  op.  cit.,  II,  p.  469),  who  oairr  the  uDBtomary  weapon  of  the 
Ohaco  Indians,  laacea  with  iron  points,  clnbt,  bows  with  Hmall  arrows, 
and  wearing  the  bodoqne  or  labret  received  fVom  the  Qnarani  of  Para- 
guay. To  this  assertion  correspond  some  bows  and  arrows  of  the 
Tereooa  in  the  Berlin  Museam,  which  completely  correspond  to  the 
Oliaoo  type.  Althoagfa  tlie  three  mentioned  tribes  ai-e  not  to  be 
regarded  Ungnistically  as  Nu-Arnak  the  different  modes  of  living  and 
different  cbaraotw  of  weapons  show  an  already  very  early  separation. 
The  Terenos  and  the  Laianos  qaite  early,  x>erhaps  shortly  atter  the 
Ghaco  people  had  begun  to  ride  the  horses  introdneed  by  the  Spaniards, 
were  drivea  from  the  common  possession  on  the  upper  Arinos  toward 
the  northern  Cbaco.  which  had  been  seized,  where  tbey,  as  well  as  the 
Qaana,  were  called  a  horseless  nation  by  Uobrizhoffer.  The  Gnaycurn, 
Hbaya,  their  neighbors,  gained  tliroagb  tlie  ownership  of  horses  a  great 
advantage  over  them  and  brought  them  aiider  tliair  sway.  (Dobriz- 
hoffer,  Oeschicht«  dor  Abipones,  I,  p.  101.)  As  will  be  frequently  seen 
in  a  sabdaed  people,  the  Ouana  accepted  entirely  the  mode  of  life  of 
their  oouqoerors,  and  also  their  weapons,  which  they  later  continued 
using  BfttiT  they  liad  again  gained  their  freedom.  Perhaps,  at  first,  long 
after  the  wandering  about  bad  been  taking  place  with  these  Onana, 
the  remainiiig  Ouaiia  also  drew  off  to  the  sontliward.  A  village  of  the 
Guana  near  Onyaba,  1848,  was  still  called  in  that  language  Akt«n. 
(VoD  den  Steinen,  op.  cit.,  p.  I>&0.)  They  settled  in  the  vicinity  of  the 
Guato  on  the  Paraguay,  whereby  an  ethnographic  commerce  was 
eA'eoted. 

Sootbward  of  the  Guana  the  tribes  living  on  the  banks  of  the  Para- 
guay are  geonine  Gran  Ohaco  stock,  whose  history  so  far  as  known  has 
been  closely  knit  with  that  of  this  region.  It  might  be  here  remarked 
diat  the  form  of  arrow  known  from  the  descriptions  of  the  Bororo, 
Onato,  aud  Guana,  finds  many  transitions  to  the  type  oommon  in  Para- 
guay, while  the  transition  to  the  Ghaco  form  takes  place  first  indirectly 
tbrongh  the  Paraguay  type.  Fnrtliermore,  in  the  same  way,  these  tribes 
are  related  to  one  another  through  their  bow  tyi>e8. 

The  bow  wrapped  throughout  with  Oipo  (PI.  LX,  fig.  10)  ia  to  be 
neen  in  several  differentiated  forms  as  far  as  sonlheastem  Brazil.  The 
distribution  of  the  nock  pegs  (PI.  LX,  fig.  14)  is  evidenced  by  single 
unlabeled  old  arrows  of  pnre  Ghaco  tyjte  which  are  in  the  museum  at 
Edinburgh.  Whether  these  received  the  pegs  in  contact  with  the 
Op.xto  type,  or  whether  the  origin  of  this  technique  is  to  be  sought  in 
some  pOTtions  of  tbe  Ghaco  region,  from  which  it  was  communicated 
to  the  Guato,  is  not  disclosed-  ^he  practical  value  of  this  applied  nock 
is  easily  seen.  A  technique  of  this  kind  can,  therefore,  since  it  does 
not  differ  outwardly  from  the  character  of  the  type,  easily  have  been 
borrowed  from  a  tribe  extremely  conservative  in  the  giving  out  of  their 
Weapons,  as  we  are  able  to  demonstrate  among  the  Ghaoo  people,  whose 
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Btnaller  bow  of  Gnrepay  wood  has  been  fonnd  in  prehistoric  graves  d 

Jnjny,  in  the  westera  Ghaco  region. 

We  may  now  bring  together  the  results  reached  for  the  soatben 
Hato  OroBso.  It  is  known  that,  with  exception  of  Bmall  inovementf 
iu  opposite  direction  between  netgbboring  peoples,  an  ethnogra^tliH 
stream,  rich  in  its  inflnonces,  has  flowed  from  the  suath,  passing  wi 
fh>m  Paraguay  and  reaching  to  the  Bororo.  As  well  tbe  Paragnay 
feathering,  as  the  winding  of  the  bow  with  Cipo  may  be  traced  as  for  v 
the  Bororo.  Afterwards  this  stream  is  mot  by  one  opposing  it  from  tfae 
north.  It  is  indeed  astonishing,  but  its  intlaeuce  does  not  i>aM8  tbe 
(ioato.  The  sewed  feathering  is  confined  to  tbe  Bororo;  ooly  tbe  lioo« 
point  is  now  to  be  foaud  among  the  Gaato.  The  spread  of  tbe  Ilw 
reed,  as  mentioned,  fonuded  on  its  abaudant  supply,  can  not  teetifi 
directly  of  an  ethnographic  relatioiisliip. 

The  ethnographic  picture  of  the  whole  Mato-Groeso  appears,  id 
spite  of  its  original  complexity,  to  be  strikingly  unified  on  ckisa- 
inspection. 

We  see  in  the  northern  region  two  great  ethnographic  stress,  one 
from  the  west  and  one  from  t)ie  east,  running  toward  and  in  the 
Sbingu  encountering  each  other,  so  as  to  result  in  a  mixed  type. 
Between  tbem  is  thrust  in  a  third  type,  which  jierhsps,  od  (be  upper 
Sfaingn,  at  least  m  far  as  the  feathering  goes,  has  its  center  of  disjMY- 
sion  toward  the  Tapajoz  and  Tocantins.  A  small  by-stream  is  to  br 
traceal  from  the  nortliwent  to  the  Arara,  the  Juberi  tribes,  for  exam|)lp. 
and  to  tbe  southeast  on  tbe  Tapajoz  from  the  Maobe.  In  tbe  soathen 
Mnto-(jro»so  runs  a  main  stream  along  the  Paraguay.  A  second  one  is 
dtrechvl  southward  from  tbe  Bbingu  region.  Further  influence  of 
groups  lying  farther  off  is  not  to  be  recognized  in  the  Mato  Orosso. 

Tbe  ethnographic  cliaracter  of  a  people  is  generally  not  oontenninonx 
with  its  linguistic  affiliations,  but  depends  also  on  a  place  which  a 
people  occupies  with  reference  to  its  neighbors,  and  on  iMssibilities  of 
an  ethnographic  adjustment  conditionetl  thereby.  Original  peculiari- 
ties of  groups  of  tribes,  like  the  Tnpi,  are  to  be  occasionally  fonnd,  bnl 
these  have  through  many  atljustments  with  others,  not  belonging  to  tfae 
stock,  lost  characteristics  or  have  been  changed  therein.  Whether  the 
widely  diffused  stepped  decoration  (PI.  lyVII,  fig.  5),  found  all  over 
northern  South  America,  as  well  as  the  quill  ring  (PI.  LVIII,  fig.  IT), 
are  Ut  be  regarded  as  tribal  characteristics  is  to  be  decidnl  by  furtlier 
and  more  careful  observations. 

Tlie  ijuestiou  bow  far  the  conclnsions  reached  concerning  tbe  develq) 
meiitof  tbe  Mato  Grosso  fariiisb  generalized  results  for  other  regioDs. 
and  bow  for  other  niomentii  for  the  completiou  of  the  ethnogiapbic 
picture  are  to  be  considered,  will  be  attempted  in  a  later  work.  i 
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EXPLANATION  OF  PLATE  LVII. 
[Flea.  I  lo  14.  Brrlin  Mohud.] 

1.  I)i>ii1ile-cnrv('il  botr  of  tlie  AiieUi,  Upper  Shinica. 

2.  Cruaa  section  of  the  aiinie  nt  Ihe  grip. 

3.  Cross  srntloii  of  the  same  nt  tbe  ends. 

4.  Double-curved  Ikiw. 

5.  Und  of  tbe  samo  nlmwiiij;  steppe<l  pattern  of  wrapping. 

6.  Croas  itectioii  of  tlie  snine  nt  the  tnidille. 

7.  fiingk-i-Tirveil  liow,  with  rnwhldo  rings  stretched  on,  D&ccairi  tribe. 

H.  Arrow  with  Shiiigii  Rowud  feathering  .tnd  point  front  monkey  hiimeriui  at 

Aiieto, 
9.  Shitigii  sewed  feathering.  Aiieto, 

10.  Tuciim  nat  whistle  on  Htiaft,  8a;a. 

11.  Ilamboo  point,  Knmayiira. 

12.  llamlKMi  wooden  point,  Ge«  from  Kamayaro. 

13.  llnniboo  point,  Itaceairi. 

14.  Wooden  point,  with  barb  of  ant  bear  sygomutio  process. 
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EXPLANATION  OF  PLATE  LVIIL 

[Fici.lloS,  101»1S.  BarllnKuHnn;  «li>e.  CapeBU>K«i  MaMum;  lA  ta  Ift,  Rt«kWil 

1.  itow,  PemviaD  tjpe,  Ynrnna  tribe. 

2,3.  KudHof  tliunaine. 

4,  Middle  part  wrapped  with  tbraiMi. 

r>.  CroM  section  in  tbi- iiii<ldle. 

6.  Bow  witli  rarT«d  end,  Mnndrncii. 

7,8.  Koda  ur  Iho  Himie. 

9.  CniBH  Beotioii  of  thii  name. 

10.  iUivi,  North  BrnKUinn  t.vpo.  Mnnhe. 

11,  12.  Ends  of  tlio  same. 

13.  Manliu  feathering,  Maiiho. 

14.  Arara  feathering,  with  Htopped  pattern  and  qnill  riuR  on  the  nock. 

15.  Penivinu  ceiiienti;d  fitatlioring,  llai-uairi. 

16.  Tapajoi  Iianibon  point,  with  stepped  pattern  in  wrapping,  Apiaka. 

17.  Tootlieil  bamboo  jioiut,  witb  ornamentation  in  qnill  work  and  uteppMl  n 

18.  Quill  work  aiul  cnlnrwl  pntterne  effected  in  the  wrapping  of  threaila. 

19.  Hone  point  sot  on  diitgonolly. 
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EXPLANATION  OF  PLATE  LIX. 

[FlBi.1  In  S.  Berlin  UnHtnm;  IS.  17.  Vlauiu  llu«ni.] 

1.  How,  EMt  Brozilinn  t;p«,  Cuiyin. 
'   3,3.  ?:mU  nf  llie  HHmu. 
't.  Hiili1I«  or  grip,  with  parking  nr  wrapping  of  l«>f. 

<i.  Arrow  with  1>oDe  point  reniented  on  ili»)conitll;. 

7.  P»iiit  of  thu  same. 

»,  FeOithiirlng,  wrapping  of  hlnck  thread,  eaut  Br*7.iliiin  typo. 

9.  Fontht-rtnx,  with  wriipping  of  Cil>o,  nant  Bmzilisn  t;pe. 

10.  WuikU'D  point  of  »  biril  iirrow. 

11.  Woiiiltin  point  of  arrow,  sIdkIb  edgii,  Canyn. 

12.  Woodnn  point  of  arrow,  two-i>i)ge<I,  CanOa. 

13.  Point  of  liah  npine  aet  iliagonally  on  a  painted  forBShaft,  Canya. 
1-1.  Ilainlioo  point,  C'araja. 

ITi.  Point  of  an  arrow  ont  of  a  single  piei-e  of  Ckmbayiira  reed,  Caraja. 
IG.  l(ow,  with  cotton  wrajiping,  Cayapo. 
IT.  Arrow,  with  liiunboo  point,  Cay ajio. 
5NH 
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EXPLANATION  OV  PL^TE  LX. 

1.  HnDting  bow,  Pirruvjaa  tj'pe,  eaBtam  l(i»uru  tribe,  Riu  IioreiiEa. 
2, 3.  EoiIb  of  tlie  aame. 

4.  Miililk'  part  or  grip. 

5,  C,  7.  CruHB  8«ctiuti8. 

S.  Itumboo  point  of  jagoar  anow,  i^aateni  ItoToro,  Rio  Imtku/o. 

9.  Fealhering  of  the  aanis,  raotoru  Kraziliaa  type. 
10.  Bow,  with  Cipo  wrappiDg  aud  gromiueta,  Qoato. 
11,12.  KndBuf  (h.'eaiiie. 

13.  C'roM  section  of  tLe  Bftme. 

14.  Featheriag,  nitli  uock  pegs  set  io. 

15.  llamboo  point. 

16.  Arrow,  with  biunboo  point,  west  Bororo. 

17.  Sowoil  feiitliering  of  the  Botoro,  westoni  Boron>. 
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ACCO  T  OF  THE  WOBK  OF  THE  SERVICE  OF  ANTIQITI- 
TIES  OP  EGYPT  AND  OP  THE  EGYPTIAN  INSTITUTE 
DUBING  THE  YEAKS  1892,  1893,  AND  1894.' 


By  J.  De  MoBOAjr. 


On  tlie  Ist  of  September  it  was  two  years  since,  cliarged  by  the  Gov- 
ernment of  Hia  Uighness  tlie  KlietUve,  with  tbe  adiiiinistratioii  of  the 
uiiti<|uitieB  of  Egypt,  I  defloitely  assoined  fall  coutrol  of  au  ollice 
whifh  1  had  held  pro  tempore  for  abont  six  months,  and  which,  in  spite 
of  the  ex{)erieuce  already  gaitied,  seemed  Co  me  none  the  less  a  very 
heavy  bnnleo. 

It  IS  not  enough,  as  yon  know,  that  a  person  be  merely  a  good 
iulininistratorinor<lertopro[>erlydirectthis  great  service;  one  most  be 
an  Kjryptologist  us  well,  and  while  my  good  intentional  miffht  vontribnte 
to  the  conduct  of  affairs,  it  conld  not  be  so  with  regard  to  Egyptology. 
1  found  that  to  sacceeil  Mariette  and  oar  colleague,  Mas[>ero,  wan  an 
honor  diBiciilt  to  support. 

My  studies  had  always  turned  to  Asia.  I  was  not  an  Egyptologist. 
Cousetguently  only  my  administration  and  my  dist-ovenes  can  excuse 
my  ignorance  of  tbe  hieroglyphs.  I  hoiied,  however,  that  linguists 
would  be  satisfied  if  I  famished  them  with  their  documents,  while  I 
devoted  myself  entirely  to  my  researches. 

Id  order  to  show  you  plainly  the  work  done  by  the  Service  of  Antiqui- 
ties since  my  arrival  in  l^gypt,  it  is  indis|)eii sable  that  I  divide  my  sub- 
ject, because  very  often  enterprises  of  quite  different  nature  have  been 
executed  at  tbe  same  time,  and  it  would  be  impossible  to  enumerate 
them  in  chronological  order. 

I  shall  speak  first  concerning  excavations,  then  about  the  conserva- 
tion of  monuments,  then  about  tlie  museums,  and  finally  about  thepub- 
UcatioDS  of  the  Service  of  Antiquities  in  Egypt. 

'Truulated  from  ActM  du  Diii^me  Coiid^s  iDteniationiil  des  Oriental ii tea, 
Mwioo  d«  Oenbve,  L8M.     Leide,  1897.     Sectiou  iv,  £gfp«  et  LaDgnea  Afri(:uno«, 
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BSOATATIOKS. 

I  shall  briag  to  your  attontjon  the  varioos  places  iu  which  excsTv 
tioDs  have  been  effected  within  the  last  two  years,  followiug  the  g«D- 
graphical  order,  for  any  other  arrangement  would  be  impracticaUe. 
siuve  varioQs  works  were  carried  on  simoltaneonsly.  I  aball  comment 
with  the  north  of  Egypt,  and  proceed  toward  the  frontiers  of  NaNa. 
asceiidinK  the  river. 

Sa-H-Hagar  (S^tember,  1893). — ^Theee  diggings,  at  the  phioe  when 
the  great  discoveries  of  brouze  had  been  made,  have  fariiisbed  a  goodlt 
naniber  of  stataettes,  some  of  them  of  great  rarity,  amoug  which  I  maj 
nieuUon  a  stataette  of  Pacht,  repreeentiug  a  cat  sitting  on  the  shoel- 
dent  of  a  mau. 

Abom-Kaack  (Jooe  15-October  I,  1893).— The  work  here  revealed  a 
vast  sabtcrranean  sbuctare  whose  nae  is  as  yet  aaknowii,  iu  wbki 
wer«  foQud  iu  the  sand  a  great  many  statuettes  of  brouze  and  enamel 
several  of  Uiem  remarkably  delicate.  Theee  objects  represent  the  r»a 
of  Pharoah,  animals  sacred  to  the  god  Nefer-Toum. 

There  formerly  existed  on  the  plateau  of  Abou-ItoacU  a  number  of 
tonilts  and  some  pyramids.  These  raonnments  are  now  destroyed,  ani 
a|>  to  the  present  time  no  other  reseandi  has  beeu  attempted  in  tfaeae 
regions. 

OUek  (August,  1893). — Daring  tlie  period  of  oi^nization  of  the 
Museum  of  Gizeh  1  made  some  excavations  in  the  neighborhood  of  the 
great  pyramidit.  One  of  these  brought  to  light  a  limestone  sarouph- 
a^is  of  a  certain  I'ta,  priest  of  the  pyramid  of  Mycerinns  about  the 
end  of  the  fourth  dyuanty.  Now  excavations  (March-April,  1S94)  led 
to  the  discovery  of  a  large  pit,  the  examination  of  which  is  not  yet 
coucludeil. 

AboH-Sir  ( Aogust-October  1,  1803). — To  verify  the  assertions  of 
l*erring  concerning  the  pyramids  of  this  place,  1  had  the  most  consid- 
erable  of  the  three  monuments  opened.  There  1  found,  as  the  English 
explorer  had  asserteil,  the  mined  chambers.  At  the  spot  indicated  on 
the  chart  of  Lepsius,  under  the  head  of  Pyramid  No.  XTII,  diggings 
carrltHl  on  by  my  orders  brought  up,  not  the  discover^'  of  foiindHtious 
of  a  pyntmid,  but  the  remains  of  a  vast  maataba>,  constmcted  for  a 
(•ertfiin  Ptah-Ohvpses,  a  high  functionary  of  King  Sahonra  of  the  fifth 
dynasty.  This  monument,  very  remarkable  for  the  engraving  as  well 
lis  for  the  delii'ac,v  of  its  bas-reliefs,  was  composed  of  unmeroos  halls, 
only  two  of  which  are  in  a  good  slate  of  preservation.  A  spactoa" 
court,  ornamented  with  a  colonnade,  extended  south  of  the  principal 
building.  One  of  the  rooms  was  sopported  by  two  lotas-sbaped  col- 
umns, of  the  purest  style,  whose  capitals,  forming  a  bouquet  of  the 
'  '  -  ^re  the  most  ancient  known.  Five  giant  statoes  Dmamentcd 
s  of  this  mastaba.  The  place  tbey  occnpied  against  the  walla 
niios  is  readily  discernible;  their  transport  is  figured  on 
on  the  exterior  walls.     FiustUy  a  graffito  traced  in  hieratic 


EGYPTIAN   ANTIQUITIES.  593 

>ti  one  of  tlie  walls  informs  us  tliat  the  neighboring  statue  waa  erected 
for  King  Salioora  hiuiHelf. 

Afit-Eahineh  (August,  1892). — The  excavatioua  uudcrtakeu  on  the 
*ite  of  the  temple  of  Ptah  bnmght  to  light  two  statues  of  this  god, 
I  meters  high  and  made  of  hard  sandstone.  These  two  colossi  are  the 
largest  divine  statues  thus  far  discovered.  The  sanctaary  also  eon. 
Utiued  a  boat  iu  rose-colored  granite  and  another  in  solid  limestone, 
siirinountiug  a  uaos,  containing  a  statue  of  the  god  Khnoum,  a  bast  in  - 
limestone  representing  a  king,  perhaps  Kanieses  II,  and  finally  a  group 
iu  rose-colored  granite  of  the  god  Ba-Hor  Khoati  and  of  the  Pharoah 
Kameses  II. 

(August,  1>^<93.) — Excavations  of  little  importance  made  iu  the  koms 
led  to  the  discovery  of  the  remains  of  the  studio  of  a  sculptor  of  the 
Ptolemaic  epoch.  The  models  in  limestone  and  plaster,  the  molds  and 
the  casts  fdrnisbetl  at  once  specimens  of  the  two  schools,  which  had 
tlonrisbed  in  the  valley  of  the  Nile,  that  of  the  Egyptian  and  that  of 
Greek  art. 

Saqqarah  (January,  1893). — While  I  Bui»erviseil  in  i>ersou  the  work 
ill  the  Said,  E.  Brugsch-Bey,  conservator  of  the  Service  of  Antiquities, 
carried  on  some  excavations  on  the  site  of  the  neiTO|x>Iis  of  Saqqarah, 
voucerning  which  he  had  l>een  for  a  long  time  in  doubt.  These 
researches  were  crowned  with  complete  Kuccess;  for  inamastabaof 
ernde  bricks  of  the  flith  dynasty,  the  chief  of  the  works  found  two 
painted  limestone  statues  of  perfect  execution.  One  represented  a  sit- 
ting person,  the  other  a  scribe,  unfortunately  unknown,  crouching  in 
the  attitude  of  a  man  waiting  tor  orders.  This  statue  is  one  of  tbe 
most  admirable  achievements  of  ancient  art;  only  the  "  Sheik-el-Beled" 
and  tbe  "Scrilie"  at  the  Ijouvre  can  t>e  compared  with  it.  These  two 
statues  were  inclosed  in  hollow  niches  in  the  crude  brick  walls  of  the 
steps  of  the  niastaba. 

(July,  1893.) — I  had  devoted  the  entire  summer  of  189.'5  to  the  study 
of  ttiu  necropolis  of  Sa<t(i»rah.  Tbe  considerable  escavations  formerly 
executed  by  Mariette  guided  me  not  only  for  my  investigations  in  that 
locality,  but  also  for  those  which  I  proposed  to  make  in  the  other 
necropolises  of  tlie  ancient  and  middle  empire. 

Tbe  soil  of  Saqqaiah  has  been  many  times  removed  for  examination 
of  the  tombs.  Already,  at  the  time  of  Pietro  della  Valleys  travels  in 
Egypt,  the  fellabin  knew  all  the  secrets  of  the  discovery  of  mummies. 
But  it  was  especially  after  the  great  work  of  Mariette  that  this  part  of 
the  desert  became  a  veritable  cbaos,  where  heaps  of  ruins  and  cavities 
resulting  from  excavations  followed  each  other  like  tbe  billows  of 
tbe  sea. 

I  had  just  arrived  in  Egypt,  and  of  course  was  not  yet  accustomed 
to  researches  in  a  sandy  soil.  I  therefore  resolved  to  profit  from  the 
diggings  of  Mariette  and  only  to  attack  those  sites  left  untouched  by 
my  illustrious  predecessor. 
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Following  the  aveitae  of  the  Sphinx,  the  discoverer  of  the  Ser^MOH 
had  contented  hiuiself  with  eza.:iining  the  level  of  the  itavement  and 
Lad  not  pushed  his  diggings  deeper.  It  was  evident,  however,  thil 
the  entire  space  under  the  avenue  itself  bad  not  been  visited  tdnoe  tbt 
time  of  the  bnildiugof  the  avenue  of  the  Serapenm.  By  obaerris; 
the  Hue  of  tiiat  road  you  notice  that  it  passeB  abont  40  meters  oortliuf 
the  pyramid  of  Teti  and  aloug  the  n  irth  ia^-ade.  It  is,  however. 
known  that  the  royal  tombs  have  always  becu  surroauded  by  tombn  li 
high  fuiictiouaries.  It  was  therefore  most  iikel>  that  the  avenue  eoe- 
taiued  the  remains  of  fhueral  monamvnts  {>•  high  pereonagee  of  tbt 
epoch  of  Teti. 

Inspired  by  these  deductions,  some  days  aitor  oar  iastallation  a 
Mariette's  house  I  began  work  to  the  northwest  ot  t'.:e  pyramid  of  TetL 
The  avenue  of  the  Sphinx  was  easily  found  a^  Ir  and  some  metw^ 
under  tlie  pavement  there  appeared  the  walls  i>f  an  ii.imeiise  tomb,  the 
vastest  that  has  thus  far  been  recovered  of  the  old  empire.  Several 
months  were  necessary  for  the  excavation  of  the  31  rooms  comprising  tfae 
sepulchral  temple  of  the  family  Meru-Ka.  The  rooms  of  Mera  wen 
cleared  one  after  the  other,  as  well  as  the  monumental  steles,  the  stator 
of  the  deceased,  2.30  meters  high,  and  the  sacrificial  table.  TheucsiM 
the  rooms  of  his  son,  Teti  Mera,  and  those  of  his  wife,  SecU  Secbt,  a 
royal  priocess. 

Up  to  the  date  of  the  discovery  of  the  tomb  of  Mera  the  mo(it  eon 
siderable  tomb  of  the  old  empire,  excluding  the  pyramids,  was  tfaattrf 
Teti,  composed  of  two  chambers,  a  stairway,  and  a  court.  The  bae- 
reliefe  of  that  tomb  were  conBidered  the  grandest  productious  of  the 
old  empire. 

The  discovery  of  the  mastaba  of  Mera  proves  that  all  the  tombs  of 
personages  of  the  earlier  dynasties  were  conatmctious  of  the  f^reateet 
importance,  and  that  the  tomb  of  Teti  is  far  from  being  su  ezoeption. 
In  that  of  Mera  the  walls  are  omamentod  with  sculptures  and  point 
ings  of  great  delicacy.  The  scenes  are  of  infinite  variety — games,  rustic 
employments,  education,  navigation,  all  kinds  of  occupations  an 
painted  with  that  ingenuous  grace  which  the  artists  of  ancient  Egypt 
alone  possessed. 

To  the  east  of  the  tomb  of  Mera,  but  always  beyond  the  avenue  of 
the  Sphinx,  my  workmen  discovered  another  monumental  tomb,  that 
of  a  certain  Kabi-n,  five  chambers  of  which  were  cleared.  This  temple 
is  far  from  being  entirely  excavated,  but  the  exhaustion  of  my  pecu- 
uiary  resources  in  1393  obliged  me  to  suspend  the  researches. 

The  painted  bas-reliefs  that  oruameut  the  walls  of  this  mastaba  ue 

'■'--  --lost  remarkably  executed  of  any  that  I  know  of  the  old  empire. 

<uate)y,  in  spite  of  a  very  active  wateh  day  and  night,  vandals,  who 

'  undiscovered  in  spite  of  all  inquiries  made  by  our  watchmen, 

'me  of  these  splendid  works  of  art  with  a  knife.    This  act  of 

vaudalism  ruined  one  of  the  best  specimeus  of  the  art  of 
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bas-relief.  I  almost  regretted  that  I  did  not  follow  the  plan  of  Mariette 
aiid  cover  the  recently  discovered  mouomente  with  sand,  to  protect 
tliem  agalDBt  the  depredations  of  the  fellahin  or  of  certain  visitors. 

Daring  the  same  ezcavatiOQs  1  examined  nnmeroas  pits  of  different 
epochs.  They  have  faruiabed  many  objects  for  the  galleries  of  the 
Museum  of  Olzeh. 

To  the  west  of  the  pyramid,  on  the  edge  of  the  desert,  there  is  a 
siugalar  constmctiOD,  of  which,  up  to  the  present,  no  one  had  taken 
notice.  Buried  onder  the  sand,  it  presented  tlie  aspect  of  a  large  rec- 
tangle, with  the  aides  marked  by  a  slight  elevation  of  the  soil.  This 
inclosure,  formed  of  four  walls  parallel  throughout,  measares  655  meters 
in  length  and  400  meters  in  breadth.  A  series  of  borings  enabled  me 
to  recognize  its  nature  and  exact  dimensions. 

The  interior  shows  no  trace  of  a  monument  and  no  vestige  of  habita- 
tion ;  the  virgin  soil  covers  ^most  the  entire  surfJu^i.  Some  pits,  found 
empty,  were  the  only  resnlts  of  several  hundred  drillings  executed  in 
an  area  of  about  26  hectares.  Judged  by  the  construction  of  the  sur- 
roonding  wall,  this  mouument  belongs  to  the  earliest  time  of  the 
£gpytian  dynasties.  Yet,  although  we  know  its  e[>och  approximately, 
we  have  no  facts  as  to  its  use  and  auy  conjecture  ia  jMiBBlble. 

As  t  have  already  remarked,  this  large  inclosure  never  contained 
constructions  or  habitations;  it  was  no  doubt  built  for  some  other  pur- 
pose, and  I  am  of  the  opinion  that  it  bounded  a  aur&ce  occupied  by 
immense  subterranean  atruotnres.  The  examination  of  the  entrance, 
however,  wiU  involve  great  difficulty  and  considerable  expense. 

Although  the  necropolis  of  Saqqarah  has  been  for  many  centuries 
exploited  for  mummies,  and  during  the  last  hundred  years  many  times 
explored  from  the  scientific  point  of  view,  yet  the  last  word  has  by  no 
means  been  spoken  about  it.  In  one  year  it  has  furnished  documents  of 
inestimable  valne  and  its  aauds  still  bide  many  scientific  treasures.  I 
have  begun  a  map  of  this  vast  necropolis  on  a  scale  of  1 :  1250,  a  work 
which  will  occupy  several  years. 

Dahehour, — During  the  summer  of  1893,  although  I  was  detained  in 
the  desert  by  excavations  in  the  necropolis  of  Saqqarah,  I  had  the 
leisure  to  carefully  study  the  environs,  and,  in  taking  up  a  map  of  the 
entire  plateau,  I  examined  most  minutely  the  difi'ereut  regions  of  this 
vast  necropolis,  which  exteuds  without  interruption  &om  the  pyramids 
of  Abou-Sir  to  those  of  Menchiy^h. 

This  plateau  is  situated  at  a  mean  altitude  of  35  meters  above  the 
valley  of  the  Kile.  It  incloses  several  groups  of  sepulchers,  of  which 
only  the  most  important,  that  called  Saqqarah,  has  been  the  object  of 
profound  scientiflc  research. 

To  the  south  the  necropolis  is  tenniuated  by  the  plateaus  of  Dah- 
ehour and  Meochiy^h,  where  i  large  pyramids  rise,  2  of  stone  and  3  of 
brick.  Ilere  and  there  masses  of  white  stone  proclaim  the  existence  of 
raioB  buried  under  the  soil,  but  in  moat  cases  there  was  to  be  seen  only 
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the  wind-driven  sand  of  the  desert,  which,  at  first  sight,  b 
to  have  been  touched  by  man. 

A  more  attentive  examination  quickly  showe(]  me  that  the  so-csdlfti 
det<ert  coutaiued  a  number  of  eepalchers,  which,  if  not  as  Doineroas  u 
those  of  Saqqarah,  were  at  least  as  important. 

The  stone  pyramids  of  Dahchoor,  although  opened,  yielded  no  his- 
torical information ;  those  of  brick  bad  resisted  all  attaeks.  Only  some 
rniued  mastabas  of  the  fourth  and  twelfth  dynasties  were  known,  tbt 
former  situated  north  of  the  northern  brick  pyramid,  the  other  soatk 
of  the  southern  pyramid. 

The  absence  of  documents,  the  resistance  which  the  pyramids  tif 
brick  offered,  the  numerons  indications  which  I  discovered  at  each  foot 
of  the  soil,  were  the  reasons  which  induced  me  to  concentrate  my  efforu 
on  that  part  of  the  Memphitic  necropolis.  But  being  obliged  to  goto 
upper  Bgypt  during  the  mootlis  of  December,  1893,  and  January,  I8»i. 
I  could  direct  the  work  in  person  only  after  the  18th  of  February. 

During  my  absence  excavations  had  been  carried  on  according  to 
my  order  to  the  south  and  north  of  the  northern  tmnolus  in  the  group 
of  tombs,  the  upper  of  which  I  recognized  on  my  arrival  to  belong  to 
the  old  empire,  aud  the  lower  to  the  twelfth  dynasty. 

The  cartouches  of  Ousertesen  II  and  III  and  Amenemhat  III  left 
no  doubt  as  to  the  ei>och  in  which  these  latter  monuments  had  bceu 
constructed. 

The  pyramid,  as  I  have  already  said,  liad  been  attacked,  and  uodet 
the  millions  of  accumulated  bricks  nntonched  diluvial  gravel  had  beiui 
found.  The  royid  chamber  was  not  included  in  the  mass  of  the  momi- 
meut  itself  As  is  usually  the  case  in  stone  pyramids,  it  was  i>06sibl; 
built  deeper  down.  I  soon  learued  by  using  the  drill  in  the  center  of 
the  trench  recently  opened,  that  the  diluvium  continued  to  a  depth  of 
9.50  meters  underneath  the  fouudatious  of  the  pyramid,  and  was  with- 
out the  slightest  trace  of  human  labor.  Under  these  alluvial  depooitx 
friable  gravels  were  found  whose  silicious  nodules  arrested  the  drilling. 
Further  search  was  useless,  for  the  tombs,  if  they  existed,  would  have 
been  hollowed  from  the  mass  of  the  rock  itself,  and  would  probably  be 
found  at  a  very  great  depth. 

These  negative  indications  were  most  precious  to  me,  and  in  order  to 
))rocure  information  of  a  nature  which  would  aid  me  in  my  researches,  1 
abandoned  for  several  days  the  excavation  in  the  immediate  neighbor- 
hood of  the  pyramid  uod  devoted  myself  to  a  carefdl  study  of  the 
tombs  hollowed  out  in  the  mountain. 

The  tJimliB  nf  the  middle  empire  in  the  necropolis  of  Dahcbour  do 
not  af  't  thoBC  of  the  old  empire,  discovered  by  Mariette  at 

Saqq  not  find  among  the  monuments  of  the  twelttb 

dyna  r  the  elaborate  funeral  temple  covered  with  bas- 

rdiel  Ti,  Mera,  Ptah-Hotep,  Ptah-Ohepses,  etc.    The 

mast  is  very  simple  aud  contains  uo  chambers,  beiug 
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fM>inpoBed  of  a  massive  square  of  unbaked  bricks,  often  very  stnal).  It 
is  wltole  and  is  covered  with  a  casing  of  the  white  limestone  of  Tourah. 
It  was  in  the  casing  that  the  steles  were  found.  They  look  to  the  north 
or  tfae  east,  and  are  provided  with  tables  for  olferings.  The  pit  is  gen- 
erally placed  at  the  north  of  the  mastaba,  instead  of  opening  in  the 
center  of  the  constmction,  aa  is  nsaal  in  the  tombs  of  the  old  empire, 
but  the  galleries  are  hollowed  oot  in  such  a  manner  that  the  deceased 
rei^oses  directly  under  the  stein  which  bears  his  name.  The  corridors 
that  lead  to  the  funeral  vanlt  are  cnt  in  the  rock  and  are  covered  either 
by  an  elliptical  arch  of  rectangular  sections  of  Toarah  limestone  or 
with  an  arch  of  unbaked  bricks  flttiug  very  regularly  and  slightly 
raised. 

These  observations  concerning  the  tombs  of  the  twelfth  dynasty  in 
the  necropolis  of  Dahchoar  result  from  the  opening  of  thirty  mnstabas. 
I  have,  therefore,  certainly  oot  been  led  into  error  by  an  anomaly  in 
the  funeral  usage. 

The  coDstrnotion  of  the  pjTamid  and  of  the  mastabas  preeentn  strik- 
ing analogies.  The  bricks  are  identical  in  dimensions,  material,  and 
making;  the  dressing  is  the  same  in  the  great  monument  as  in  the 
email  ones.  It  is  easy  to  conclnde  from  these  likenesses  that  all  the 
tombs  belonged  to  the  same  epoch.  At  the  same  time  I  observed  that 
the  masses  resulting  from  the  pits  of  the  mastabas  formed  nround  the 
excavations  from  which  they  proceeded  regular  layers,  more  or  less 
thick  and  interspersed  among  the  sands  prmlnced  by  tlie  wind,  and 
that  in  consequence  when  I  encountered  the  d<^-bris  I  necessarily  dis- 
covered the  exits  not  far  from  the  pits. 

While  I  was  concluding  these  studies,  the  researches  which  I  had 
caused  to  be  executed  on  the  base  of  the  pyramid  in  the  supiKised 
place  of  the  lining  on  the  north  and  east  ends  led  me  to  discover  stones 
decoratetl  with  fl-agments  of  inscriptions.  One  of  them  contained  the 
cartouche  of  Oosertesen  III.  This  discovery  rendered  my  conjecture 
as  to  the  age  of  the  pyramid  a  quasi  certainty. 

I  then  began  the  examination  of  the  pits  in  the  o{>en  space  between 
the  foot  of  the  pyramid  and  its  inclosure  of  bricks.  After  a  large 
number  of  diggings  with  the  pickax  in  the  made  soil  down  to  the 
diluvial  gravel,  I  found  the  remains  of  a  deep  excavation  hidden  under 
die  sand.  Following  these  remains,  1  came  gradually  to  the  mouth  of 
a  pit  (February  26)  situated  near  the  northwest  corner  of  the  pyramid. 
Two  days  were  necessary  to  remove  the  earth  which  filled  the  cavity. 
In  the  course  of  the  work  a  poor  liti,le  grave,  dated  in  the  twenty-sixth 
dynasty,  placed  in  the  ruins  which  inclosetl  the  pit,  was  discovered, 
and  on  the  28th  of  February  the  door  of  the  subterranean  structure 
was  found. 

A  tortnoiiH  way  descended  with  a  gentle  slope  toward  the  pyramid 
and  came  to  an  end  in  a  funereal  chamber  vnnlto^l  and  ornamented 
vitli  white  limestone  where,  amidst  the  d(''bris  of  a  stone  sarcophagus, 
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lay  tbe  remaitin  of  a  diorite  statue.  It  liad  been  entirely  broken  ii 
tbis  vault;  tlie  pit  tlirongb  which  I  had  entered  was  probably  tbe 
same  one  used  by  some  earlier  spoilers  of  antiqaity,  in  all  likelihood  ai 
early  as  the  period  of  the  twenty -sixth  dynasty. 

This  Qrst  sepiilcher  opened  into  a  passage  110  meters  long,  maiiiiif 
from  west  to  east,  and  couseqaently  parallel  to  the  north  facade  of  tbe 
pyramid.  Doors  made  of  Tonrah  limestone  opened  into  the  nortfaen 
sides  of  thi.s  gallery.  Everything  had  been  tnmed  apeide  down  and 
the  sarcophagi  had  been  opened,  but  the  inscriptions  which  they  bon 
informed  us  that  in  the  second  vault  a  queen  named  Kefert-bent  had 
been  baried.  Among  the  broken  flagstones  and  rnbbish  were  foond 
skulls,  canopies,  and  vases  of  clay  and  alabaster.  Everywhere  tbe 
greatest  disorder  reigned,  and  the  white  walls  here  and  there  stiD 
showed  traces  of  the  bauds  of  the  spoilers. 

This  first  visit  made,  I  Immediately  ordered  workmen  to  clear  the 
-  principal  gallery,  and  tbe  soil  was  distribated  over  the  entire  lengtb 
of  the  subterranean  structure.  A  wall  of  freestone  was  met,  and  I 
found  on  the  other  side  definite  indications  of  the  existence  of  another 
pit.  It  was  about*  time  for  the  discovery  of  that  egress,  becaose  air 
was  wanting  in  the  gallery  and  the  lights  were  extinguished.  I  imme- 
diately made  a  plan  of  the  subterranean  structure,  and  carrying  it 
back  to  the  surface,  fixed  the  point  of  the  opening.  This  pit  ww 
cleared  in  a  few  days.  It  opened  near  tbe  northeast  angle  of  the  pyr- 
amid, rendered  possible  the  discovery  of  tombs  heretofore  unknown, 
and  created  a  current  of  air,  without  which  it  would  have  been  impos- 
sible for  tho  laborers  to  complete  the  work. 

Twelve  sarcophagi  of  princesses  had  been  succeasively  disoovend 
and  the  clearing  definitely  commenced.  I  had  given  precise  ordoa 
that  the  explored  jmrtions  of  the  tomb  should  be  freed  irom  all  tbe 
debris  in  order  that  the  rock  could  be  seen  in  ptace. 

As  I  had  the  honor  to  tell  you,  tbe  sarcophagi  had  all  been  despoiled; 
but  the  searchers  after  hidden  treasares  bad  evidently  been  hasty  in 
their  work,  for  a  goodly  number  of  stone  chests  containing  canopes 
hail  been  respected,  and  some  chambers  were  still  closed  by  the  walls 
of  brick.  On  the  6th  of  March  the  firsttreasure  was  discovered.  The 
jewels  inclosed  in  a  little  box  inlaid  with  gold  and  silver  had  formerly 
been  buried  in  the  soil  of  tbe  gallery  at  a  depth  of  about  40  centimeters, 
near  the  door  of  the  tomb  of  Princess  Hatbor-Sat.  The  following  di^f, 
the  7th  of  March,  aiiotlier  hiding  place  was  found  in  a  neighboring 
gallery  at  the  foot  of  the  tomb  of  Princess  Sent-Senbets.  Theancients, 
foreseeing  that  spoilers  would  later  come  to  destroy  these  tombs,  had 
taken  all  precautious  to  bide  from  their  eyes  tbe  moat  precious  jewels, 
^ss  of  this  treasure  is  considerable;  necklaces,  bracelets, 
r  ^  breastplates,  pearls,  pendants,  jewels  of  every  sort, 

the  hundreds  in  tbe  holes  in  wliich  they  had  been 
1  le  chests  had  been  destroyed  by  the  humidity,  and 

I  'illmell  in  the  midst  of  the  sands  and  the  debris. 


EGYPTIAN  ANTiqurrrES.  699 

N'^arly  all  the  jewels  are  of  gold,  often  inlaid  witli  preciouB  stooea; 
DtlierB  are  of  amethyst,  carnelian,  turquoise,  or  lapia  lazuli,  cut  in  the 
form-  of  scarabs,  pearls,  aud  pendants,  and  often  set  in  gold.  The  mir- 
rora  are  of  silver  or  bronze,  mounted  in  gold;  the  vases  of  alabaster, 
oamelian,  lapis  lazuli,  and  obsidian,  iVequently  having  gold  mountings. 
Xbe  workmanship  of  the  jewels  is  exquisite  in  form,  precision,  and 
especially  in  the  composition  of  designs.  The  inlaying  and  the  carving 
nre  esi>ecially  beantiful.  All  this  denotes  an  extremely  advauced  civil- 
isation, more  developed  than  it  was  possible  to  suppose  from  what  we 
know  about  the  twelfth  dynasty.  It  would  be  impossible  for  me  to 
<lescribe  in  detail  all  the  forms  and  particulars  of  each  one  of  the 
ie^rels.  I  shall  content  myself  by  noting  the  principal  objects,  those  of 
the  greatest  historical  or  artistic  importance. 

In  tfae  first  treasure  I  found  a  breastplate  in  gold,  enriched  with 
precioas  stones  and  representing  the  cartouche  of  King  Ousertesen  II 
supported   by  two  crowned    hawks,  two  bracelets,  several  clasps  of   , 
necklaces,  all  in  gold,  inlaid   with  lapis  lazuli,  camelian,   Egyptian 
emerald,  turquoise,  and  obsidian  ( t),  and  several  scarabs,  one  of  which 
contained  the  name  of  Ousertesen  III,  and  another  that  of  the  Princess 
Hathor-Sat.    These  two  scarabs  are  veritable  marvels,  both  because  of 
tbe  material  of  which  they  are  engraved.— they  are  amethyst — as  well 
as  because  of  the  workmanship.    Other  objects  discovered  were  six 
CTonching  golden  lions  with  collars  made  of  pearls  of  gold,  amethyst, 
and   lapis  lazuli;   large  golden  shells,  figured  with  cypresses,  others 
representing  pearl  oysters:  a  golden  collar;  a  mirror  of  silver  enriched 
with  gold;  and  a  lot  of  small  objects  of  the  most  perfect  workmanship. 
The  second  treasure  is   much  more  important  than  tbe  first,  and 
includes  several  hundred  objects,  among  the  choicest  of  which  I  will 
mention  a  breastplate  of  gold  enriched  with  stones.     In  tbe  center 
is  the  cartouche  of  King  Amenembat  III.    On  both  sides  the  king  is 
seen,  npright,  raising  his  club  and  striking  an  Asiatic  captive,  desig- 
nated by  a  text  at  the  side,  and  above  a  vulture  soars  with  outspread 
wings.    Tbe  reverse  eontaius  the  same  representations  in  chased  gold; 
the  inlaying  of  this  piece  is  on  lapis  lazuli,  Egyptian  emerald,  feldspath, 
turquoise,  carnelian  and  black  obsidian  ( T).    These  gems  are  not  only 
cnt  in  the  requisite  forms,  but  are  also  so  delicately  engraved  that  tbe 
beads  of  king  and  of  captive  and  the  bodies  show  in  relief  the  smallest 
details.     Another  pectoral  of  the  same  king  bears  bis  cartouche,  sup- 
ported by  two  griffons.    Pour  captives  are  figured  on  tliis  jewel,  two 
Asiatics  and  two  negroes.    On  the  reverse  are  the  same  scenes  engraved 
in  gold.    These  two  pieces,  of  first  importance,  are,  with  tbe  pectoral 
of  Ousertesen  II,  the  finest  jewels  discovered,  and  the  next  in  rank  are 
the  inlaid  bracelets  containingthe  cartoncho  of  Amenembat  III.   There 
were  also  found  numerous  scarabs  with  the  names  of  kings  and  prin- 
cesses; threemirrors,twooftheuiofsilverwithgold  mountings;  acollar 
of  lion  heads,  joined  together  in  fours,  each  ]iearl  of  the  collar  as  large 
asanegg;  shells  of  gold  as  large  as  the  lion  beads;  clasps  of  collars 
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enriched  with  gems;  colltu^  of  gold,  amethyst,  emerald,  and  lapi*:  a 
pearl  of  glass;  four  coaching  liouB  in  gold,  etc;  vases  of  c»nieltau. 
lapis  lazuli,  obsidian,  and  alabaster,  some  of  them  enriched  with  gold: 
and  many  objects  of  leas  historic  interest,  though  not  inferior  iii  wort- 
mansliip  to  the  great  pieces,  couclade  the  list  of  the  find.  The  po^r- 
tion  of  the  handiwork  and  the  state  of  preservation  are  espeeiaUij 
striking  in  these  trcasares.  TSo  enamel  has  fallen  oGT,  no  shock  hm*  u 
the  least  destroyed  the  most  delicate  work,  wliile  the  technique  of  tbc 
jewelry  is  so  perfect  that  nothing  conld  surpass  it. 

After  the  discovery  of  the  treasures,  the  work  was  actively  contimed 
and  all  the  environs  of  the  northern  pyramid  were  literally  riddled  by 
diggings  over  a  surface  of  about  G  hectares. 

These  researches  led  to  the  discovery  of  a  large  uumber  of  pits  ot 
secondary  importance,  and  finally  to  the  finding  of  five  large  wooden 
boats  10  meters  in  length. 

While  I  was  exploring  the  snrface  I  was  likewise  engaged  on  a* 
underground  gallery,  which,  parting  from  the  eastern  pit  of  the  pria- 
cesses,  proceeds  toward  the  center  of  the  pyramid  through  the  sand 
bed  which  forms  the  subsoil.  Already  140  meters  of  the  priadpal 
galleries  has  been  hollowed  out  without  finding  the  royal  tomb.  A 
vertical  distance  of  10  meters  has  been  explored.  The  excavation  of 
the  approaching  season  will  certainly  yield  results  worthy  of  atteotion. 

In  the  surrounding  wall  of  the  northern  pyramid  I  discovered  ow 
the  tombs  of  the  principal  princesses  the  ruins  of  crude  brick  masta- 
ban,  entirely  similar  to  those  which  the  first  diggings  brought  to  light 
S^ear  tliese  ruins,  in  the  surrounding  debris,  I  found  several  fragmenta 
of  bas-reliefs  l>earittg  the  title  of  "  lioyal  Daughter.'  Them  is,  accord- 
ingly, no  donbt  that  these  mastabas  were  formerly  fnner^  chapels  o[ 
princesses. 

Two  deep  pits,  a  little  north  of  these  monuments,  each  inclosed  a  sir- 
cophagus  of  alabaster,  superb  pieces  of  stone,  probably  taken  from 
the  quarries  of  EI-Amarana.  Unfortunately  they  had  no  inscription. 
One  of  the  two  contained  four  empty  alabaster  vases. 

To  the  south  the  excavators  brought  to  light  three  large  mastabas 
of  nnbaked  bricks,  sitnated  in  the  inclosnre  between  the  wall  and  tb« 
foot  of  the  pyramid,  some  fragments  of  bas-reliefe,  and  two  pita,  one 
of  which  inclosed  anonymous  canopes,  placed  in  a  granite  chest. 

Ill  the  southern  part  of  the  necropolis,  near  the  village  of  Menchiyeb, 
I  commenccil,  on  the  10th  of  April,  an  examination  of  the  soil  eem- 
prised  within  the  inclosnre  of  the  southern  pyrunid.  In  the  initial 
work  I  came  across  fragments  of  bas-reliefs  with  the  name  of  AnwD- 
emhat  III,  of  the  twelfth  dynasty,  probable  successor  of  Ihisertesm 
III;  then,  proceeding  metho<lically,  I  made  borings  in  the  ground  in 
the  hat  I  had  examined  the  surronndiDgs  of  the  itortbern 

pyr 

C  pril  a  pit  was  discovered  within  the  inck>snre,  oeir 

mgation  of  the  eastern  side  of  the  pyramid,    hi 
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removing  Uie  niiiiB  a  statnette  of  gilded  vood  was  fonnd  whose  base 
bore  the  inscription  *'The  sod  of  the  San,  isane  of  hia  loins,  Ilor,"  and 
then  firagments  of  alabaster  Tases  bearing  tbe  second  name  of  the  King 
Foa  ab  Ba  or  Aon  ab  Ba. 

No  king  of  this  name  was  hitherto  known  in  the  twelfth  dynasty. 
There  were  in  the  thirteenth  two  kings  of  the  nnme  of  Aon  too  ab  Ra; 
bnt  it  seemed  scarcely  possible  to  assimilate  these  two  names,  even  if 
Aon  ablia  had  been  found  bnried  in  the  terrttoryreserved  to  the  princes 
of  the  twelitib  dynasty. 

The  researches  speedily  broagbt  to  light  the  fnnereal  vanlt;  it  had 
been  despoiled,  having  been  entered  by  a  hole  made  in  the  ceiling.  It 
-was  in  this  way  that  I  entered,  myself,  as  soon  as  the  opening  was  freed 
ftvm  the  mina  which  obstmcted  it.  The  chamber  was  empty,  and  great 
disorder  reigned ;  boards,  chests,  pieces  of  alabaster,  and  fragments  of 
vases  encnmbered  the  funereal  vaalts.  The  sarcophagus  bad  been 
opened,  its  cover  laid  at  its  side,  as  well  as  tliat  of  the  wooden  coffin 
on  which  conld  be  read,  engraved  in  gold  leaf,  the  names  and  titles  of 
tbe  king.  Kear  tliis  was  an  inverted  naoe,  its  foce  in  the  air,  covered 
with  inscriptions  painted  in  green  on  a  golden  gronnd.  The  interior 
inclosed  a  large  wooden  statue,  decorated  with  gold,  canes,  scepters,  a 
large  nnmber  of  offerings  imitated  in  wood,  and  fragments  of  alabaster 
vases  with  royal  cartouches.  Tlie  thieves  had  carried  away  only  the 
most  precious  pieces,  abandoning  all  these  objects  which  are  to-day  of 
snch  great  valne  to  ua. 

The  inscription  on  the  facade  of  tbe  naos  is  as  follows:  "Horns 
Hotep-ab,  the  master  of  the  diadems  of  Vaotonr  and  of  Uncus.  Nofer- 
Kbaou  (of  the  splendid  apparitions),  golden  Horaa  Nofer-Nonteron 
(beaaty  of  the  gods),  King  of  upper  and  lower  Egypt,  master  of  tbe 
two  lands,  tbe  Almighty  Aou  ab  Ba  (or  Poa  ab  Ka),  the  sou  of  the  Sun, 
tbe  issue  of  his  loins,  whom  he  loves.  Hot,  tbe  royal  double  living  in  - 
the  tomb;  he  gives  life,  stability,force,  and  health;  ho  rejoices  himself 
on  the  throne  of  the  Horus  of  the  living,  like  Ba,  the  everlasting." 

Two  square  steles,  engraved  on  alabaster,  and  an  offering  table  fur- 
nish religions  texts,  all  in  tbe  name  of  the  king,  whose  cartouches  are 
repeated  twenty  limes. 

The  roynl  mummy  was  inclosed  in  a  case  worked  with  gold,  as  was 
also  the  lid,  and  covered  with  texts.  It  had  been  despoiled,  bntdnring 
the  researches  I  found  some  interesting  objecta.  A  mask  in  tbe  form 
of  a  klaft  covered  the  head  of  the  king;  on  bis  left  were  scepters  and 
the  debris  of  his  flngellnm,  of  small  alabaster  vases,  and  other  minor 
objects.  To  remove  this  material  it  was  necessary  to  open  the  original 
gate,  the  entrance  of  the  spoilers  being  insufficient.  This  work  took 
two  days^  becanae  the  natural  rock  is  very  dangerous  in  that  place  and 
great  precaations  were  necessary.  I  and  my  workmen  were  almost 
crushed  by  a  slip  in  the  pit. 

As  soon  as  tbe  vaults  were  fVeed  from  the  objects  which  surrounded 
thrai)  1  proceeded  to  acitreful  examination  of  the  pavement  and  of  the 
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walla,  and  under  n  block  of  stone  I  came  across  a  chest  eontaimng 
canopes.  Tills  chest,  which  had  not  been  touched  by  the  robbers,  m^ 
like  the  co£Sd,  covered  with  gold  leaves  with  the  titles  and  names  at  tiie 
king.  A  string  which  fastened  it  still  contained  his  seal  in  clay.  Hw 
seal  showed  the  name  of  Ameiieuliat  III.  It  was,  however,  the  sover 
eign  who  jirosided  over  the  fbneral  rites  of  the  king,  his  predeossaorta 
his  coregeut,  nnkuowii  hitherto. 

This  verification  is  of  the  greatest  historical  importance,  becaose  it 
proves  either  that  there  was  a  king  between  Ouserteseo  III  and 
Ameiiemhat  III,  ortliat  AmenemhatlVdid  not  reign  alone.  Notntlf 
does  it  definitely  fix  the  epoch  or  age  of  King  Hor,  bat  it  also  aaagat 
him  a  rank  in  Egyptian  chronology. 

T)ie  tomb  of  King  Hor  is  situated,  as  I  have  said,  oatside  of  Att 
pyramid,  in  the  northern  part  of  its  surrounding  wall,  and  for  Uiis 
reason  it  is  not  the  tomb  of  the  king  who  bnilt  the  colossal  brick 
stmcture.  This  fact  ia  interesting,  but  it  is  still  more  cnrioDS  to  find 
a  king  interred  in  a  modest  tomb ;  his  vault  is  very  restricted  indeed. 
and  would  seem  rather  to  be  the  last  habitation  of  some  private  inb- 
vidaal  than  that  of  a  master  of  Upper  and  Lower  Egypt.  A  iMobleni 
still  remains  whose  solution  will  probably  be  famished  by  a  continnatini 
of  this  work. 

The  dig^ngs  which  followed  led  to  the  discovery  of  eleven  otJier  pits 
rnnningfi^m  east  to  west.  Some  had  fallen  in  and  seem  never  to  have 
been  finished;  but  one,  the  nearest  to  the  royal  pit,  has  {punished  voy 
important  results. 

On  the  19tb  of  April,  when  this  pit  was  emptied,  I  came  to  a  doM 
giving  access  to  a  passage  14.60  meters  in  length  and  covered  with 
a  cylindrical  arch,  properly  joined.  This  gallery,  in  every  way  resem- 
bling that  leading  to  the  royal  tomb,  was  broken  in  the  middle  by  a 
very  dangerous  cavity,  which  required  much  care.  It  ended  soathward 
in  a  wall,  constructed  of  the  stone  of  Tonrah,  closing  the  door  of  the 
vault.    This  tomb  had  not  been  violated. 

I  think  it  useful  to  insist  here  upon  the  existence  of  arches  of  crude 
brick  in  the  tombs  of  the  twelfth  dynasty  at  Dahchonr.  I  have  thus 
far  met  several  of  which  t)ie  oblique  cat  relative  to  the  azis  denotes  a 
very  extended  practical  knowledge  on  the  part  of  the  architects  of  this 
epoch.  Anotlicr  remark  must  also  l>e  made  on  the  snbject  of  the 
employment  of  plaster,  which  is  general  in  the  monuments  of  Dahchoor. 
I  myself  have  found  in  the  various  constmctions  vases  in  which  the 
mortar  had  been  tem^iered ;  one  still  sees  the  thumb  mark  of  the  maaonB 
traced  in  the  wet  mass. 

The  door  was  opened  with  all  the  precantions  necessitated  by  tiie 
be  '  'he  gallery,  and  as  soon  as  the  first  stones  were  taken  off 

7  -s  all  the  objects  placed  in  a  small  room,  in  the  spot 

yt  been  deposited  by  the  priests  of  the  twelfth  dynasfy 

01  of  the  deceased.    There  stood  the  clay  vessels  stil] 

i[  )f  the  Nile  water;  here  pieces  of  embalmed  viaods:  a 
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tittle  farther  tbe  dishes  with  dried  food.  In  a  corner  there  were  two 
cases;  the  one  inclosed  perftames  in  alaba^iter  vases,  carefnll;  labeled 
ill  hieratic  characters,  the  other  contained  scepters,  canes,  a  wooden 
mirror,  and  arrows  whose  points  were  aatouishingly  well  preserved. 

ThnB  for  it  iti  impossible  to  say  whether  this  tomb  was  tliat  of  a  man 
or  of  a  woman.  It  contained  arms  and  toilet  objects.  The  only  indica- 
tion we  fonnd  was  tbe  seal  with  which  tbe  perfume  chest  bad  been 
sealed ;  it  bore  tbe  family  name  of  King  Tescb  Senbet.  As  soon  as  all 
these  objects  were  numbered,  and  wbeTi  their  respe<'.tive  positions  had 
been  sketched,  and  when  finally  that  chamber  had  been  emptied,  the 
opening  of  the  sarcopbagns  commenced.  Large  flags  of  white  Tonrab 
limestone  covered  tbe  entire  floor  of  the  chamber  of  offerings,  forming 
at  once  tbe  floor  of  that  chamber  and  tbe  cover  of  tbe  saroophagoa. 

As  soon  as  the  first  stone  had  been  removed  there  appeared  a  wooden 
coflSn,  gilded,  decorated  on  both  aides,  and  ending  in  a  slope.  An 
inscription  in  gold  reached  the  whole  length  of  tlie  cover.  It  gives  ns 
the  name  and  the  title  of  the  deceased ;  the  princess  (or  royal  daaghter) 
yonb  Ilotep  ta  Khrondit, 

The  case  of  the  cofBn,  also  decorateil  with  gold  leaves,  was  made  of 
natural  wood;  the  golden  bands  bearing  the  inscription  were  inclosed 
in  a  line  of  green  paint.  Theioscriptionsof  tbe  coffin  were  immediately 
copied,  and  then  detached  with  the  greatest  care,  for  the  paste  which 
held  them  crambled,  so  that  they  fell  off  at  the  slightest  shock,  and  it 
was  impossible  to  transport  them  with  tbe  wood.  The  mnmmy,  althongb 
antoiiched,  had  soiTered  very  mncb  f>om  moisture,  and  nothing  remained 
bat  a  mass  of  bone,  jewels,  and  dust,  inclosed  in  the  remains  of  aa 
envelope  of  plaster,  entirely  gilded.  lint  the  objects  had  not  been 
displaced  at  all,  and  by  removing  them  oarefnlly  it  was  easy  to  find  the 
use  to  which  each  part  was  put. 

On  the  left  were  the  canes,  the  scepters,  the  flagellnm,  and  a  curions 
instrument,  fluent  in  the  bas-reliefs  of  temples,  bat  never  before 
foand  in  bo  complete  a  state.  On  the  bead  of  tbe  royal  mummy  there 
was  a  diadem  of  silver  inlaid  with  stones,  an  urseus,  and  the  bead  of  a 
golden  vnltnrc.  On  the  breast  I  found  a  necklace  decorated  with  about 
fifty  pendants  of  gold,  inlaid  and  terminating  in  two  heads  of  golden 
hawl(a  of  natural  size.  Toward  the  waist  there  was  a  poniard  with  a 
golden  blaile,  and  on  tbe  arms  and  feet  were  golden  bracelete  ornamented 
with  pearls,  cameliana,  and  Egyptian  emeralds. 

I  shall  not  dwell  on  tbe  description  of  these  fanereal  trappings;  the 
jewels,  tliough  very  heavy,  are  of  inferior  workmanship  compared  with 
those  of  the  preceding  discovery.  The  inlaying  and  embossing  are 
comparatively  crude. 

The  head  of  tbe  mnnuny  was,  as  usual,  placed  at  the  north  of  t)ie 
tomb;  on  the  left  of  the  feet  was  a  box  of  canopos,  worked  with  gold 
like  the  coffin,  and  covered  with  texts. 

Among  the  titles  of  tbe  Princess  Koub  Flotep  it  is  never  mentioned 
that  she  had  been  queen,  and  yet  I  found  in  her  tomb  all  tbe  attributes 
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of  royalty.  Perhaps  Bhe  died  before  the  accession  of  her  hosbaod  ta 
the  throne,  and  he  was  therefore  only  the  heir  apparent. 

Tlie  tombs  of  King  Hor  and  Princess  Noub  Hotep,  as  well  as  the 
details  of  their  ftineral  fnrnitnre,  show  clearly  that  these  two  persora 
had  been  bailed  at  the  same  epoch.  Must  we  hold  that  the  princear 
was  either  the  wife  or  the  daughter  of  the  sovereign  near  whom  abc 
reposed  T 

At  the  same  time  that  these  researches  were  being  made  I  prepared 
a  verydetuled  accoaiit  of  their  results.  This  description  will  be  con- 
tained in  a  special  volume,  in  which  all  the  objects,  texts,  plans,  and 
the  details  of  architecture  will  be  Agnred.  M.  G.  Lorain  and  H.  O. 
Jtiquier,  members  ofthe  French  OrieDtallnstituteof  Cairo,  aided nieii) 
their  composition,  the  Egyptologists  of  the  Service  of  the  AntiquitiM 
being  busy  either  in  the  museum  at  Oizeh  or  in  other  researches  in 
progress  in  varioas  parts  of  Egypt. 

After  these  discoveries  I  continaed  the  exploration  of  the  soil  incladed 
in  the  surrouDding  wall  of  the  southern  pyramid.  The  shapeless  remaim 
of  the  mortuary  chapel  which  formerly  stood  to  the  eastof  themoonment 
were  brought  to  light;  but  the  entrance  of  the  subterranean  stntctore 
still  remains  hidden.  In  the  Boath,  as  well  as  in  the  north,  it  will  be 
necessary  in  fhtnre  researches  to  proceed  by  means  of  mined  g^leriee. 
But  while  the  northern  pyramid  reposes  on  solid  stones,  that  of  the 
south  is  constructed  of  crumbling  clay.  The  galleries  onght  to  be 
wainscoted,  a  task  which,  withont  skilled  workmen,  will  reqniie  mudi 
care.  East  of  the  pyramid  extends  a  large  square  filled  with  tombs  of 
the  principal  functionaries  of  the  king,  who  is  baried  in  the  pyramid. 
The  exploration  of  this  necropolis  will  form  a  part  of  the  next  researdi 
campaign. 

Fnyoum  (1803-04). — The  Roman  necropolis  of  the  Fayotun,  so  often 
explored,  still  retains  an  appreciable  nnmber  of  interesting  documents; 
about  fifteen  mummies  decorated  with  portraits,  an  incense  box  in 
gilded  wood — a  unique  object  and  in  a  perfect  state  of  preservation- 
several  sarcophagi,  and  some  inscriptions  of  the  Roman  epoch  wtn 
found. 

Meir  ( 1892, 1893,  and  1894).— The  necropolis  of  MeTr  was  as  yet  almost 
untouched.  I  sigiialb.pd  my  arrival  in  the  Service  of  Antiqnitiee  by 
having  researches  made  on  it,  and  the  three  campaigns  whicb  followed 
have  been  fertile  in  results.  In  September,  1892,  tbe  tombs  of  the 
twelfth  dynasty  yieldeil  ns  some  carious  wooden  statuettes  and  one 
in  bronze  of  a  person  named  Nakht.  This  last  is  a  uniqne  piece,  being 
duly  dated.  Twenty-eight  wooden  boats,  some  of  which  still  have  tbdr 
sails,  aocouipaiiied  the  statuettes. 

In  1893  the  discoveries  continaed,  the  objects  fonnd  also  belongiof; 
to  the  twelfth  dynasty. 

I  ^  of  the  sixth  dynasty  was  opened.    It  contained  a  series 

of  itatnettes,  representing  the  servants  of  the  deceased 

eiij  dinary  duties  of  life.     There  are  wtMnen  lni'*iwliwg 
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L>ir«ad,  others  patting  it  into  the  oven,  reapers,  frnit  merchants,  armies 
3f  slaves  with  fous  to  drive  away  the  Hies,  and  also  the  special  servant 
oF  the  deceased  bearing  liis  effects. 

This  fortunate  discovery  revives  for  ns,  in  the  form  of  statuettes,  all 
time  scenes  we  are  accustomed  to  see  figared  in  bas-reliefs  ou  the  walls 
of  the  mastabas  of  the  ancient  empire. 

Siout  {Aaga6t,189i). — Since  mydepartnreAY>m  Egypt,  having  stopped 
t.lie  diggings  of  Dahchour  in  order  that  I  might  renew  them  myself  the 
c^omiiig  winter,  the  efforts  of  the  Service  of  Antiqaities  were  turned 
toward  the  necropolis  of  Siout,  and  a  remarkable  discovery  was  made 
tliere.  All  the  tombs  of  that  necropolis  thus  far  known  have  been 
-violated  by  searchers  after  treasures;  only  one,  which  had  just  been 
l>roaght  to  light,  had  escaped  their  hands,  and  it  giveH  us  most  iiitor- 
estiugiuformatiou  about  a  period  of  Egyptian  history  concerning  which 
very  little  is  known.  The  body  had  been  placed  in  a  doable  rectangular 
(sase  of  acacia  wood,  similar  to  those  of  the  necropolis  of  Dahchour; 
the  inscriptions  traced  with  ink  on  both  sarcophagi  give  ns,  besides  the 
DBoal  religious  formnlse,  the  name  and  title  of  the  deceased;  "the 
feudal  prince,  chief  of  the  prophets  of  Ouap  onalitou,  lord  of  Stout, 
royal  chancellor,  Kmsah."  The  mntnmy,  reduced  to  a  skeleton,  was 
enveloped  in  raw  linen,  and  had  on  its  head  and  breast  a  wooden  mask ; 
varioas  objects  reposed  on  the  deceased  or  at  his  side;  a  silver  collar, 
a  mirror,  a  pillow,  sandals,  a  basin  of  bronze,  canes,  bows,  a  scepter, 
ouag.  But  the  most  interesting  objects  are  those  which  had  been 
deposited  at  the  side  of  the  sarcophagus,  and  lirst  of  all  a  funeral  bark, 
1.20  meters  in  length,  giving  ub  the  exact  model  of  a  dahabieh  of  the 
epoch,  with  its  mast  in  the  bow  and  in  the  stern  the  doable  cabin  with 
its  walla  and  its  roof,  built  of  light  timber,  where  the  deceased  and  his 
family  stay,  while  the  crew  stand  on  the  bridge  in  poses  full  of  grace 
and  nataralnesB.  Oneithersideof  thecoftinaresoldiersof  tbedecensed 
to  the  number  of  eighty,  in  two  groups,  well  ordered,  and  showing  us 
au  army  highly  organized.  First  of  all  are  the  Egyptians,  dressed  in 
short  aprons  and  armed  with  large,  light  shields  and  lances  with  great 
bronze  jKiints,  while  the  negroes  on  the  other  side,  clad  still  more 
lightly,  each  carry  a  large  bow  and  half  a  dozen  arrows  with  blunt 
points.  All  these  persons  in  wood,  so  carefully  made,  about  40  centi- 
meters high,  show  us  the  forces  which  the  princes  of  Siout  had  at  the 
disposal  of  the  Heracleopolitau  kings  in  those  long  civil  wars  which 
desolated  Egypt  daring  tbeniutb  and  the  tenth  dynasty,  couteKtsof 
which  the  tombs  of  the  other  princes  of  the  Lycopolite  nome  speak, 
among  others  Khiti,  who  has  given  us  on  one  of  the  walls  of  bis  tomb 
the  representation  of  these  same  soldiers. 

OaoK  (189i{). — These  excavations  have  brought  oat  mummies  of  the 
Greek  epoch  of  moderate  interest,  some  small  monaments,  such  as 
fhneral  statuettes,  winged  scarabs,  etc.,  of  fairly  good  workmansbip, 
and  a  cover  of  a  compact  limestone  sarcophagas,  similar  to  those  dis- 
covered at  Saqqarah.    It  is  very  well  made.    The  inscriptions  are 
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paiDted  in  green,  the  eyes  are  inlaid,  and  the  face  gilded.     (Ptolenait 

epoch.) 

Goumah  ( Jan oaiy- April,  1894).— The  campaign  at  Goornah  was  uw 
of  the  least  prodactive.  Its  yield  consiBts  of  two  pits  each  indoaag  i 
sanophagna,  without  importance,  of  a  priest  of  Amnwn.  A  cov«ni 
tomb  with  fine  paintings  was  also  cleared,  but  I  was  obliged  to  fill  e)' 
the  entrance. 

Kamak. — Two  coloesa)  statues  were  removed  from  the  temple  u( 
Earnak  and  are  now  deposited  in  the  mnseam  of  Gizeli.  The  ooe,  i> 
solid  sandstone,  represents  King  Seti  II  (nineteenth  dynasty).  It  w«- 
placed  in  the  bypostyle  under  the  debris  of  a  pylon.  The  wat^s  ear 
ered  it  every  year.  The  other,  located  in  1892,  is  of  rose  granite,  li 
was  placed  near  and  facing  the  great  pylon.  It  represents  a  certaia 
Amen-Hotep,  scribe  of  the  eighteenth  dynasty. 

Qebelein  (March,  1893). — These  excavations  have  not  yielded  notahk 
results.  They  have  revealed  some  fragments  of  a  moDoment  of  the 
eleventh  dynasty  and  a  stone  bearing  the  cartouche  of  King  Khian. 

Hasmya, — The  OraMW-Roman  uecroimlis,  which  seemed  to  be  ex 
hausted,  has,  liowever,  produced  many  Greek  or  Egyptian  steles  of  th« 
latter  epoch.  Two  seasons  of  excavation  have  been  had  at  this  point 
one  in  April,  1893,  the  other  during  the  early  months  of  the  year  18M. 

Kom-Ombos. — While  I  was  occupied  with  the  clearing  of  the  templr 
(January-March,  1893),  I  had  some  excavations  made  in  the  necropolis. 
where  I  established  the  existence  of  numerous  sepultures  of  the  Ptole- 
maic epoch  of  little  interest.  Besides,  I  found  in  tombs,  similar  U> 
those  of  human  mummies,  a  mass  of  animal  mummies.  They  included 
snakes,  mice,  hawks,  gazelles,  rams,  nod  more  often  crocodiles,  sodk 
of  which  have  a  length  of  5  meters. 

Assouan  (January,  1893). — Several  tombs  belonging  to  the  sixth  and 
the  twelfth  dynasty  have  been  discovered.  They  contained  only  object? 
of  little  imi>ortance. 

Island  of  Sehel. — While  we  were  uncovering  all  the  moiiameutH  of 
that  region,  for  the  purpose  of  preparing  the  first  volume  of  the  Cata- 
logue of  Monuments  and  Inscriptions  of  Ancient  liigypt,  I  diacovered 
the  ruins  of  a  chat>el  dedicated  to  the  goddess  Auoukit.  UufortuDately 
this  little  monument  is  destroyed  in  such  a  manner  that  it  has  not  beeo 
possible  to  recover  its  primitive  fimction. 

TTTR  OLBABina  Aim   BTBEHOTHENlIfe  OP  THB  MONUHSHTS. 

Oizeh. — The  temple  of  the  Sphinx,  long  since  discovered,  had  been 

entire'  '  ^y  Marietta.    Bat  since  that  time  the  sands  of  the  des 

ert,  d  vind,  have  accumulated  and  obstruct  more  than  half 

of  tt  These  chambers  were  again  cleared  up  during  tbs 

eatai  are  open  to  the  public. 

Al  October,  1893).— The  mastaba  of  Ptab-Chepsw, 

recei  as  undergone  the  most  necessai?  repairs.    Two 
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ohanibers  have  b«en  restored,  recovered,  aud  |irovided  with  gratea 
I^e  grand  conrt  still  lies  tinder  the  di-bris. 

Saqqarak  (Joly-Aa^st,  1892). — The  grand  court  of  tbe  tomb  of  Ti 
has  been  cleared  anev,  as  well  as  the  pit  and  the  galleries  leading  to 
tbe  chamber  of  the  saroophagos.  The  conrt  is  at  present  screened  by 
a  ceiling  and  lighted  from  the  center  in  such  manner  that  tbe  visitor 
may  traverse  all  the  chambers  of  this  celebrated  tomb. 

(  Angnst-October,  1993.) — The  tombof  Mem-Ea,  called  Mero,  bas  been 
entirely  repaired,  and,  immediately  after  being  bronght  to  light,  so  well 
covered  np  that  its  thirty-one  chambers  have  been  open  to  tbe  public 
since  tbe  beginning  of  the  season  of  1893-94. 

( September-October,  1893.) — The  mastabaof  Kab-in,  near  that  of  Mera, 
having  been  only  partly  cleared,  the  five  chambers  discovered  have 
been  repaired  and  covered  with  a  ceiling,  an  improvement  being  effect«d 
at  tbe  same  time  in  tbe  tombs  of  Ptah-Cbepses  and  Mera. 

Luxor. — Tbe  clearing  of  the  temple  was  actively  pnsbed  under  the 
direction  of  M.  G.  Dareasy,  assistant  conservator  of  the  Service  of 
Antiquities.  Commencing  on  the  1st  of  Jannary  and  fliiisbing  at  the 
eud  of  April,  they  continued  work  on  the  large  colonnade  on  the  court 
yard  of  Bameses,  the  northeast  angle  of  which  could  not  be  touched 
because  of  a  mosque  which  occupied  it,  and  on  the  exterior  of  tbe  tem- 
ple in  the  southeastern  part,  the  only  place  where  it  was  possible  to 
work,  the  other  environs  of  the  monnmenta  being  encnmbereil  with 
boDses.  By  a  Khedivial  decree  of  1891  all  property  comprised  in  the 
Burronnding  wall  of  the  temple  is  to-day  considered  public  property, 
but  tbe  condemnations  are  not  yet  operative.  Tbe  mosque  which  for 
more  tban  ten  years  had  been  the  principal  obstacle  to  excavation  is 
also  destined  to  be  transferred.  A  large  structure  of  masonry  was 
erected  to  repair  the  columns  aud  the  different  parts  of  tbe  temple,  as 
well  as  to  create  a  wall  around  the  monuinent.  Two  vaulted  drains 
have  been  constructed  to  permit  tbe  waters  of  the  Nile  to  enter  aud 
fireely  discharge.  This  measure  has  been  taken  to  carry  off  tlie  salt 
with  which  the  soil  and  the  conatructious  are  impregnated,  and  wbicli 
by  their  crystallization  and  their  dissolution  every  year  disintegraU^ 
the  particles  of  the  materials  of  which  the  edifice  is  comiiosed.  AH  ttic 
earth  taken  from  the  temple  has  been  transported,  at  the  «xj)ense  of  the 
inhabitants  of  Luxor,  to  the  pondH  situated  northeast  of  the  village. 
It  is  a  very  useful  measure  for  the  health  of  tbe  locality. 

OnAoB. — The  temple  of  Umbos  rises  on  the  summit  of  a  small  moun- 
tain, situated  on  the  right  bank  of  tbe  Nile,  40  kilometers  below 
Assouan.  In  earlier  times  this  temple  was  entirely  surronnded  by 
water.    To  day  the  right  arm  of  the  river  is  entirely  filled  up. 

At  Enm-Ombos,  as  at  PhiUe,  the  outer  works  of  tbe  temple  reached 

as  &r  as  the  banks  of  the  Nile,  but  tbe  current  bas  washed  them  nearly 

all  away  and  wonld  have  inevitably  destroyed  the  other  monuments  if 

1  had  not  taken  the  necessary  measures  to  protect  tbum  in  tbe  future. 

A  wall  of  crude  bricks,  three  sides  of  which  are  still  well  preserved, 
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circumscribtid  tlie  groauds  reserved  for  the  worsliip  and  tbe  prieaiL 
lu  the  midst  was  tlie  lar};e  temple,  it^  facade  taraing  toward  the  wart. 
At  the  uorthwest  was  the  iiianimiHi;  at  the  tiouthwest  the  p\'laiL 
Betweea  the  two  are  the  remaiQS  of  a  sakieh  whieh  furnished  tbc 
necessary  water  for  tbe  temple.  Tbe  Utrge  motiumeut  is  t'oinpoe«d.  i 
fact  uuiqae  iu  Egypt,  of  two  temples  Joined  followiog  their  axes.  Tb« 
soDctnaries  are  tndepeudent  and  the  gates  of  the  fa9ade  are  doabfe. 
One  of  the  saiictaariea,  that  of  the  sonth,  was  dedicated  to  Sriiek  of 
Sobkou,  while  that  of  the  nortb  was  de<litrated  to  Haroi:=ris. 

The  sovereiguB  who  contributed  to  the  embellisbmeot  of  the  templet 
of  Ombos  are  l^toleiiiy  YII,  who  seents  to  have  built  the  greater  part 
tbePtolomies  IX,  X,  XIII,  aud  the  emperors  Angiistus,  Tiberius, Oali- 
gula,  Claudius,  Nero,  Vespasian,  Domitinn,  Aatoiiias,  and  Commodu  | 
himself,  whose  cartouches  are  found  in  the  exterior  buildings.  ' 

There  is  no  doubt  that  most  of  these  sovereigns  of  the  west  eon-  j 
pletely  ignored  the  existence  of  the  little  town  of  Ombos  lost  in  o|>|wr  j 
Kgypt,  but  their  names  are  engraved  od  the  monuments  and  famish  j 
us  the  date  of  the  coustructious. 

From  the  pictnres^iue  site  on  whicli  it  rises,  from  its  singular  an:lii 
tetrturc,  and  the  delicacy  of  tbe  sculptures  covering  its  walls  and 
columns,  tbe  Temple  of  Ombos  esiieciolly  recommends  itself  to  tlie 
attvutioD  of  visitors. 

Nearly  all  the  scholars  who  have  visited  Kgypt  declared  that  tbe 
temple  was  destined  to  be  destroyed,  and  this  opinion  seemed  very  jost. 
because  the  river  ate  away  each  year  a  new  part  of  the  kom ;  but  I  ww 
resolved  to  try  all  efforts  to  save  this  monument,  unique  of  its  kind  in 
the  valley  of  tbe  Nile,  from  destruction. 

It  was  tbe  1st  of  January,  l^i)3,  that  the  excavations  began;  in  three 
months  more  than  25,000  cubic  meters  of  earth  were  removed  aud  cut 
into  the  Nile.  The  stones  bearing  no  inscription,  which  had  fallen  into 
the  midst  of  tbe  building,  were  employed  in  tbe  construction  of  a  solid 
buttress  that  now  protects  all  the  ruins  against  the  current  of  the  river. 
One  after  another,  each  column,  each  architrave,  each  wall,  has  been 
carefully  strengthened,  so  that  by  the  Ist  of  April  tlie  most  important 
work  had  been  tinished.  Tbe  excavations  were  taken  up  again  iu 
October  of  the  same  year.  The  area  of  clearing  was  extended,  and 
thus  2^,000  cubic  meters  iulditional  of  eebakh  and  of  sand  were  takeu 
out  from  the  perimeter  of  the  edi&ce.  A  wall  of  crude  bricks  was  con- 
striictetl  all  around  tbe  niouument,  to  keep  u]>  the  grounds  of  the  kom 
and  to  protect  the  entrance  of  the  temple. 

To-da*"  "f  Ombos  are  saved  forever;  it  will  be  sufficient  to 

iiudntA<  ve  works.    The  buttress  on  the  Nile  has  already 

n>sisle<  withoat  the  slightest  settling. 

jXtiso  ly  from  memory  of  the  works  xMutially  execnW 

ill  the  sonan,  as  well  aa  of  those  effected  iu  MediDet- 

lUboUi  ^  ^  Abydos,  by  tbe  searchers  of  sebakh  openfr 
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as  under  the  directiou  of  oar  inspector.  Oonsiderable  blocks  of  earth 
lave  been  taken  away  without  any  cost  to  the  Service  of  Antiquities. 
IMie  complete  clearing  of  these  moBomeiitB  is  only  a  question  of  time. 


Ou  my  arrival  in  Egypt  there  was  bat  one  niaseom,  that  of  Gizefa,  ' 
situated  aboat  2  kilometers  from  Cairo,  on  the  left  bauk  of  the  Nile, 
and  o«cupying  the  vast  balls  of  the  palace  buitt  by  the  Khedive  Ismael 
Paoba. 

Tbe  transport  of  the  antiqaities  from  Bonlak  to  Gizeh  bad  been 
entirely  eflected,bat  all  the  monnmcnte  were  for  from  being  exhibited. 
1  at  ooce  employed  all  of  my  resources  for  ttie  definite  organization  of 
the  galleries.  In  six  montlis  16  new  halls  were  installed,  and  the  empty 
stone  room  harbored  only  fragments  unworthy  to  be  placed  under  the 
eyes  of  visitors. 

Into  the  galleries  of  the  ancient  empire  a  goodly  number  of  colossal 
steles  were  broogbt  from  Sat^qarab,  where  they  had  been  hidden  nnder 
tbe  sands  since  their  discovery  by  Mariette. 

To  provide  for  these  expenses  I  was  obliged  the  first  year  to  slacken 
a  little  the  work  of  excavations,  or  rather  to  reduce  them  as  much  as 
[>08sible.  To  meet  all  these  charges  I  had  only  tbe  ordinary  budget 
for  researches,  reduced  by  1,500  Egyptian  [lonnds,  on  my  arrival. 

While  this  organization  was  being  effected  I  had  time  to  examine 
attentively  the  building  in  which  so  many  treasures  were  deposited, 
and  I  iinickly  became  convinced  that  it  was  quito  imjiossible  to  protect 
the  palace  against  the  dangers  of  dre.  It  was  then,  for  the  first  time, 
that  I  gave  my  official  advice  to  the  Egyptian  Government  on  this 
important  question.  The  danger  was  real;  everyone  gave  heed,  and 
quite  recently  (Ja)y,  1804)  the  Council  of  Ministers  voted  a  sum  of 
150,000  Egyptian  pounds  for  the  construction  and  fitting  up  of  a  special 
building  in  the  city  of  Cairo. 

Tbe  building  and  arrangement  of  this  museum  is  placed  under  inter- 
national  control,  so  we  have  reason  to  hope  that  tbe  year  1807  will 
iiot  pass  without  seeing  the  Egyptian  antiquities  protected  Irom  every 
catastrophe. 

For  a  long  time  tbe  city  of  Alexandria,  the  vapilal  of  the  I'tolemies, 
claimed  the  right  to  preserve  within  its  walls  the  vestiges  of  its  ancient 
grandeur;  but  administrative  difficulties  of  every  kind  op]iosed  the 
realization  of  this  project.  Taking  up  the  matter  anew,  I  have  solved 
the  problem;  to-day  aGneco-Koman  museum  collects  tlie  Alexandrian 
antiquities  under  tbe  direction  of  the  General  Service  of  the  Antiqaities 
of  Egypt 

The  director  of  the  new  museum,  M.  G.  Botti,  a  very  capable  archie^ 
ologist  as  well  as  a  good  Hellenist,  dttvotos  all  his  activity  to  the  study 
of  the  ancient  city  of  the  Ptolemies  and  Bomaus,    Tbe  raoseam  of  Gizeb 
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baa  already  forwarded  to  him  iinportaot  aenes  of  pmpjwi  asd  amAjntha 
of  epochs  concemiDg  it,  sod  I  do  notdoobt  that  ia  a  few  years  tWar« 
baildtng  vbich  the  city  is  going  to  oooctmct  will  be  too  smiTI  to  en- 
tain  tlie  collectioDS. 

Before  M»y  1,  1892,  the  mnaenai  of  Oixdi  indoded  only  45  halb: 
to-day  it  counts  91.  That  of  Alexandria  has  10.  llis  give*  for  a!l 
Egypt  a  total  of  lOL  exhibition  halls,  56  of  whieh  have  beeo  crnalwl 
within  two  years  without  special  appropriations. 

In  finishing  this  ontline  of  the  actoal  cooditioD  of  the  mnseaaia,  I 
have  to  express  to  my  collaborators  my  gratitade  for  the  deroted  cAtti 
they  have  never  ceased  to  accord  to  this  work.  Messrs  E.  Brogach-ber. 
H.  Baztl,  G.  Daressy,  Afamed-bey  Kiamal,  A.  Baraantir  and  G.  Boai 
have  rivalled  each  other  in  ardor  and  zeal  to  {mwiote  thia  very  gob- 
plex  work. 

PDBUCATION8. 

Since  its  eetablishment  tbe  Service  of  Antiqoitiea  has  had  no  Kpeml 
pQblicatious.  The  varioas  directors,  who,  beginning  with  HarieCte, 
have  succeeded  each  other  in  Boolak  and  in  Gizefa,  have  gives  u 
account  of  their  labors  in  personal  publications;  but,  thus  far,  tbt 
Husenm  of  Egyptian  Antiquities  possessed  no  annals. 

It  was  necessary  to  publish  accounts  not  only  of  the  monuments  whirt 
remained  standing  throughout  Egypt,  but  also  of  the  treaeareeexhibifcd 
in  tbe  museums  and  the  results  of  the  excavations.  This  exteoare 
work  coald  not  be  accomplished  by  a  single  man;  the  personnel  of  the 
service  was  not  saffioient  for  so  great  an  nndert^ing.  I  have  acoord 
ingly  invited  all  Egyptologists  to  lend  their  aid  to  the  Service  trf' 
Antiqaities,  thus  founding  an  international  publication  edited  by  iiiv 
administration.  Our  publications  are  divided  into  three  series,  as 
follows: 

1.  Catalogue  of  the  monuments  and  inscriptions  of  ancient  Egypt 

2.  Catalogue  of  the  museums  of  Egyptian  antiquities. 

Tbe  first  series  will  embrace  the  publication  in  extenso  of  all  the 
monuments  still  existing  on  Egyptian  soil,  and  I  can  not  better  show 
the  purpose  of  this  work  than  by  presenting  to  you  the  first  volume, 
which  appeared  only  a  few  months  since.  It  gives  a  complete  descrip- 
tion of  ail  the  antiquities  situated  between  the  frontier  of  Nubia  at 
Assouan  and  tbe  Temple  of  Ombos. 

T  they  contain  a  complete  description 

of  t  e  these  three  volumes  to  Messrs.  I. 

Bon  LrclitBOlogical  Instatnte  in  Cairo;  6. 

J^qi  of  that  iustjtute;  A,  Barsanti,  coa- 

aen  'ties,  and  to  my  personal  aid. 

T  le  catalogues  of  all  the  objects  depos- 

ited umes  are  in  preparation,  as  follows; 

The  of  Gizeh,  by  P.  Jouguet,  member  of 

the  ee  of  the  museum  of  Alexandria,  b; 
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>.  Botti,  coDserrator  of  the  maseam;  the  steles  of  the  middle  empire, 
»y  "WilloTighby  Praser;  those  of  the  Ptolemaic  epoch,  by  Ahmed-bey 
^ianial,  and  the  monaments  of  the  Bamesaides,  by  G.  Daressy. 

It  should  be  noticed  that  foreigo  scholars  anite  in  this  -work  vith  the 
nembers  of  the  Service  of  Antiqaities.  Each  aathor  ia  responsible  for 
lis  pnbiicatioDS,  the  Service  of  Antiqaities  conteotiiig  itself  with  pat- 
nng  all  the  memoirs  in  the  same  style  of  type,  and  with  the  execution 
>f  the  Tolames. 

The  third  series  will  embrace  only  the  description  of  the  principal 
di8fM>veries.  I  thought  it  necessary  to  preserve  for  science  the  details 
of  the  researchea  and  diacoveries,  which  unfortnnately  thna  far  Iiave 
been  too  often  neglected.  Thia  collection  begins  this  year  in  a  volame 
on  my  excavations  at  Dahchonr,  for  which  Messrs.  Legrain,  Jt^-qnier, 
Loret,  Foaqaet,  and  Berthelot  have  been  willing  to  give  me  their  soien- 
tiflc  aeeistiuice. 

The  first  idea  of  these  pnblications  came  to  me  on  my  arrival  in 
Egypt,  bat  I  have  had  recourse  to  my  collaborators,  Messrs.  TJ.  Boari- 
ant,  O.  J4quier,  and  G.  Legrain,  to  arrange  the  details  for  the  execn- 
tion  of  my  projects.  I  can  not  snfflciently  express  my  gratitude  for 
their  efforts  and  tbeir  jndicioos  observations,  of  which  the  first  result 
has  been  the  printing  of  this  volame  from  Assouan  to  Ombos,  which  I 
have  the  honor  to  offer  to  the  congress. 

These  are  the  results  of  the  efforts  of  the  Service  of  Antiquities  dur- 
ing these  last  two  years.  We  wish,  above  all,  to  put  at  the  disposition 
of  scholars  all  the  documents  that  will  aid  them  in  tlieir  studies.  Our 
excavations,  our  clearings  of  monuments,  our  classification  of  the  muse- 
ums, and  our  publications  have  only  this  purpose. 

WOBK  OF  THE  INBTITUTB. 

Charged  by  the  Egyptian  Institate  to  represent  it  before  yon,  I  will 
retrace  in  a  summary  manner  the  work  of  this  company  since  I  have 
had  the  honor  to  take  part  in  it. 

Onr  institate  has  not,  it  is  true,  the  pretension  to  rival  the  great  sci- 
entific institutions  of  the  world.  It  treats,  only  very  rarely,  questions 
of  general  interest;  but  it  is  attached  to  the  soil  of  Egypt,  examining 
it  from  every  point  of  view,  and  in  making  the  land  of  the  Pharaohs 
known,  to  its  slightest  details,  it  responds  to  the  expectations  and 
hopes  of  its  fouudera,  Monge,  Bonaparte,  and  that  constellation  of  emi- 
nent men  who  for  nearly  a  hundred  years  have  opened  to  civilization 
and  science  these  lands,  formerly  cloaed. 

During  the  last  two  years  technical  specialists  have  Aimished  mem- 
oirs to  the  bulletin  of  the  institute  and  all  have  related  to  Egypt.  Dr. 
Schiteinforth  baa  given  us  attractive  studies  on  the  geology  and  stra- 
tigraphy of  the  Egyptian  soil;  M.  Plot,  a  curious  thesis  on  the  fossil 
bones  of  a  kind  of  antelope  which  formerly  lived  in  the  desert. 

Prehistoric  Egyptian,  or  better,  the  practice  of  stone  cutting  in  the 
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VBt]ey  of  the  Nile  has  beeu  the  object  of  a  minate  investigatioD  oatk 
part  of  M.  I«jard.  Tbas  far  researches  of  this  kind  bave  been  DBfa- 
tnnately  too  much  neglected.  Chipped  flint  bad  beeii,  it  is  trne.eu)- 
lected  in  nearly  every  part  of  Egypt,  bnt  withoat  baving  giTcn  liat 
to  a  complete  work.  We  Lope  that  M.  Laju^,  extending  bis  ioT«b 
gations,  will  definitely  fix  the  laws  of  the  use  of  stone  in  Egyptiu 
antiquity. 

Eg>'pto1ogy  has  not  been  neglected  in  the  institate.  We  owe  to 
M.  G.  Daressy  several  important  memoirs,  and  to  M.  Venbeb^  tbt 
raising  of  the  question  of  the  origin  of  the  names  of  Memphis,  of  th 
pyramids,  of  the  Coptic  people,  of  Egypt  and  the  Egyptians,  of  pifir 
ms,  and  of  the  Nile  itself. 

M.  Dutilta,  specializing  in  numismatics,  has  read  several  conunnnio- 
tioiis  of  higb  importance  on  tbe  onedited  medals  of  tbe  csbioet  of 
Gizeb,  dedacing  with  singolar  sagacity  and  a  deep  knowledge  of 
numismatics  general  qnestions  of  discoveries  he  bad  made  on  coins. 

In  au  ingenious  paper  Dr.  Fonqnet  presented  to  the  in8titat«  spea 
mens  of  the  art  of  glass  making,  duly  dated.  One  bore  the  aatootht 
of  Amenemhat  IV  (twelfth  dynasty),  tbe  other  that  of  Thoutmes  U 
(eighteenth  dynasty).  The  special  notions  of  Dr.  Fonqnet  oa  tk 
euamela  and  glasses  of  ancient  Egypt  have  absolute  aathority,  and  bu 
theories  are  of  special  interest. 

The  Christian  epoch  is  represented  by  a  treatise  of  Oonut  Hax  df 
Zogbeb  on  tbe  history  of  the  Cfaorcb  of  Alexandria,  a  work  of  nait, 
honoring  its  author. 

After  tbe  study  of  antiquity,  for  which  I  shall  not  omit  the  naxaeeof 
Messrs.  Bingsch-bey,  (Iroff,  Ahmed-bey  Kiamal,  whose  judicious  wd 
competent  observatums  enlighten  tbe  discussions  of  the  institnte,  I  six'' 
speak  of  the  communications  relative  to  the  Mossnlmau  epoch,  a  braiwli 
of  arcbifology  in  which  the  institnte  counts  works  of  real  valne. 

Uis  Excellency  Yakoub-Facha  Artin,  continuing  his  researchee  on 
Arab  numismatics,  has  given  to  the  institute  a  very  remarkable  meowir 
on  tbe  series  of  the  Mahdi  and  of  the  Khalife  Abdoullah. 

Mr.  Max  van  Berchem,  apropos  of  the  Corpus  of  Arabic  iuseriptiw' 
of  Cairo,  hau  {treseuted  to  tbe  institute  a  namber  of  texts  collected  on 
the  iiiouumente  of  that  t^ity.  This  collection  has  a  high  historic  int^' 
est,  and  placed  iu  tbe  hands  of  au  Arabist,  as  distingaisbed  as  u 
M.  vail  Berchem,  it  can  only  portend  very  happy  results  for  the  pn*- 
ress  (if  the  knowledge  of  tbe  middle  ages. 

M.  May  " —  *'ie  capable  director  of  the  Arab  Museum,  pn«iuB( 
his  stu^  isques  of  Cairo,  has  made  the  institute  admired 

plcasln  'ycbrome  in  Arab  architecture. 

This  of  the  results  of  the  labors  of  tbe  Egyptian  iMti- 

tuU«iliT  -s  just  passed.    All  relate  to  Egypt,  and  tboagh 

they  Vi  'A  iny  colleagues  easily  find  a  purpose  for  t}ieii 

Boivulit 
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JEPOUT  tTPON  THE  EXHIBIT  OF  THE  SMITHSONIAN 
INSTITUTION  AND  THE  UNITED  STATES  NATIONAL 
MUSEUM  AT  THE  COTTON  STATES  AND  INTEBNA- 
TIOUAL  EXPOSITION,  ATLANTA,  GA.,  1896. 


By  G.  Beown  Goode,  LL.  D., 
jiasiatant  Sferttarg,  SmitXaoniam  Iiulilmlioit,  in  chargr  fTaited  Slatt  Ifational  Miueum. 


The  exhibit  made  by  the  Institntion  was  not  as  satisfactory  as  it  was 
plauned  to  be,  owing  to  tbe  small  amonot  of  money  allotted  for  its  prep- 
aration, traBsportatioD,  installation,  maintenance,  and  return.  Had  it 
not  been  possible  to  draw  extensively  from  tbe  exhibits  of  the  Mnsenm 
that  were  procnred  for  and  shown  at  the  World's  Colanibiau  Exposition 
at  Chioago  and  from  the  specimens  of  the  Maf*eam  the  exhibit  would 
have  been  even  less  creditable.  With  sncb  resotircps  as  were  tit  my 
commnnd,  I  am  pleased  to  say  that  an  exhibit  was  made  which, 
althongh  small,  proved  itself  to  be  both  attraetive  and  instmctive.  In 
preparing  it,  however,  the  halls  of  tbe  Mnsenm  were  dismantleil,  the 
collections  broken  and  disarranged,  and  the  whole  Mnsenm  building 
presented  an  untidy  appearance  during  most  of  last  summer  and  winter. 
The  immediate  charge  of  the  exhibits  was  placed  in  tbe  hands  of 
Mr.  R.  E.  Earll,  who  had  in  a  very  satisfuttory  manner  i>erformed 
similar  service  at  previous  exi>osition8. 

The  space  assigned  to  the  InstitntioD  for  its  exhibit  was  in  the  sonth- 
western  quarter  of  the  Government  bnilding,  and  contained  5,300  feet 
of  floor  space,  exclusive  of  the  central  aisle.  The  approaches  were  by 
two  entrances,  one  to  the  right  of  the  southern  portal  and  one  to  the 
leit  of  the  eastern  portal  of  the  building.    (See  PI.  LXI.) 

Most  of  the  objects,  as  above  stated,  were  from  the  collections  of  the 
National  Museum,  and  they  were  so  arranged  as  to  enable  them  to  be 
stndied  in  regular  sequence,  beginning  at  the  southern  portal.  They 
were  grouped  in  alcoves  20  feet  in  width  and  from  12  to  20  in  depth,  on 
either  side  of  a  broad  passageway  150  feet  in  length,  as  shown  in  the 
following  diagram,  and  designated  by  the  letters  A,  Q. 

On  the  right  of  the  main  entrance  were  a  large  picture  of  the  Smith- 
WDiau  building,  a  portrait  of  Secretary  Langley,  and  a  complete  set  of 
thepnblicationsofthelnstitution,  about  200  volumes;  also  photographs 
of  apparatus  and  illustrations  of  the  work  in  the  Astrophysical  Observ- 
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atory  and  pbotograpbs  of  the  National  Zoological  Park;  a  ina|ii,SO 
foet  by  10,  Bbowing  the  geographical  diBtribation  of  the  correspondoite 
of  the  Institution,  24,000  in  niunber,  as  entered  on  the  boots  of  tk 
International  Exchange  Bnrean;  also  one  of  the  fifty  seta  of  Goren 
ment  docnments  which  are  sent  annoall;  abroad  by  tlie  Bnreao. 
In  making  the  arrangement  referred  to,  an  attempt  was  made^ 

(1)  To  give  as  good  an  idea  as  possible  of  the  character  of  the  treat 
ores  which  are  preserved  in  the  Masenm,  by  presentiog  an  epitome  of 
its  (■«>ntent8.  with  contribationB  from  every  department. 

(2)  To  illnstrate  the  methods  by  which  science  controls,  classifies,  aad 
studies  great  accamnlations  of  material  objects,  and  uses  these  aas 
means  for  the  discovery  of  truth. 

(3)  To  exhibit  the  manner  in  which  collections  are  airaoged,  labricdJ 
and  displayed  in  a  great  mnsenm. 

(4)  To  afford  as  mtich  instrnction  and  pleasure  as  possible  to  thote 
who  visited  the  Atlanta  Exposition,  to  impress  them  with  the  valiw  «f 
mosenms  as  agencies  for  public  enlightenment,  and  thas  to  eticoongt 
the  formation  of  public  mnsenms  in  the  cities  of  the  South. 

DZFABTHENT  OP  HAHHAI& 

In  the  entrance  alcoves  (A,  B)  was  placed  also  the  contribntion  of  the 
department  of  mammals.  In  a  large  wall  case  was  a  series  of  43  speci- 
mens to  itlnstrate  the  range  of  forms  in  the  class  of  mammalia,  and  ii 
a  general  way  the  manner  in  which  they  are  classified  by  natondisti; 

Each  of  the  11  orders — Primates,  Ghiroptera,  Insectivora,  Ganuvora, 
Bodentia,  Uugulata,  Cetacea,  Sirenia,  Edentata,  Marsnpialia,  and 
HoDotremata — were  represented.  There  were  also  five  groups  monntcd 
in  the  best  style  of  modem  taxidermy,  and  intended  to  show,  by  tbe 
use  of  natural  accessories,  how  the  animals  appeared  in  their  native 
haunts.  Planking  the  arch  on  one  side  was  a  group  of  Bocky  HounUiD 
Sheep  or  Bighorns  {Oris  canaden»is),  6  in  number,  from  Wyoming, 
and  on  the  other  a  group  of  Kocky  Mountain  Goats  {Manama  numtma), 
3  individuals,  collected  in  British  Columbia  and  Montana,  by  Hr. 
George  Bird  Grinnell.  There  was  also  a  family  group  of  the  Goyote  or 
Prairie  Wolf  {Canit  latrans),  mounted  by  Mr.  W.  T.  Hornaday,  from 
specimens  obtained  in  Montana,  and  one  of  the  finest  examples  of 
mammal  mounting  in  existence;  also  a  family  group  of  the  Nioe- 
Banded  Armadillo  {Taiu^ia  novemdneta),  fh>m  Texas,  and  anotfaetof 
the  American  Badger  (Taxidea  amertcana),  from  Kansas. 

TYPES  OP  MABKIHD. 

year  th<  ^  a  portrait  statae  of  Osceola,  the  great  Semi- 
nole chief,  >n  the  Ghattahoochee  River,  in  Georgia,  la 
1804,  and  tie  in  the  Florida  Indian  war,  which  vu 
ended  by  hia  death  in  1S38.  This  figure  was  mod- 
eled by  At  Theodore  Mills  th>m  a  portrait  by  G<o^ 
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Oatlin^  and  represeots  tbe  var  chief  at  tbe  time  of  bis  greatest  power. 
Beyond  the  archway  atteotiou  was  first  attracted  by  a  series  of  cos- 
tamed  fibres,  which  were  arranged  on  tbe  sides  of  the  main  ball  at  the 
sntrance  to  the  alcoves.  These  were  intended  to  illnstrate  tbe  physical 
characters  and  the  ethnical  costumes  of  twelve  of  the  most  character- 
istics types  of  the  hnman  species.  Tbe  costumes,  most  of  which  were 
now  exhibited  for  tbe  first  time,  bad  been  collected  by  the  explorers 
and  correspondents  of  the  institation,  and  the  figures,  in  sculptor's 
plaster,  have  been  modeled  «ther  from  life  or  from  abondant  material 
in  the  Maseam,  nnder  tbe  superintendence  of  Professor  Mason  and  the 

immediate  direction  of  l>r.  Walter  Hongh.    Each  of  tbe  four  divisions 

of  mankind  was  represented  by  three  figures. 

AltboDgh  dispersed  throngb  tbe  entire  exhibit,  their  relation  to  each 

other  ie  so  intimate  that  tbey  are    here  grouped  together.    Their 

seqaence  is  indicat«d  by  the  large  numbers  above  tbe  cases. 


(t)  Papuan,  of  New  Guinea,  modeled  by  Theodore  A.  Mills,  from 
photo^aphs  in  the  National  Mnsenm. 

Costume:  A  feather  plnme,  earrings,  and  nose  pin,  anklets  of  shell- 
disks  with  boar's  tusk  pendant,  armlets  and  wristlets  of  shell,  and  a 
large  waist  belt  of  bark,  carved  on  tbe  exterior. 

(2)  Australian,  from  the  Clarence  Biver  district,  Australia,  modeled 
by  Theodore  A.  Mills  from  photographs. 

The  flgnre  carries  a  boomerang  and  wears  an  apron  of  kangaroo  skin, 

(3)  Zulu,  from  Southeast  Africa,  modeled  by  Henry  J.  Ellicott,  from 
photographs  by  Bmil  Holub. 

Costume;  An  aprou  of  cow  tails,  assegai  held  in  band. 

BROWN-IUID  TYPKB. 

(i)  American  Indian,  of  tbe  Jivaro  stock  of  Peru,  modeled  from  a 
life-Hlzed  painting,  by  a  Peruvian  artist,  in  National  Museum. 

Costume  (collected  by  Lieut.  W.  E.  SafTord,  U.  S.  N.) :  Apron  of 
feathers  of  tropical  binlsnpon  a  foundation  of  bark  cloth,  anklets,  etc., 
of  seeds,  beetle  wings,  and  teeth  of  monkey  and  puma. 

Tbe  Jivaros  live  on  tbe  bead  waters  of  tbe  Maranon  and  are  thought 
to  belong  to  an  independent  stock. 

The  other  native  stocks  of  North  America  are  represented  more 
fully  in  groups  elsewhere  displayed. 

(5)  I>jiak,  from  Borneo,  modeled  under  tbe  direction  of  W.  T,  Horua- 
day,  from  photographs  made  by  himself  in  Borneo. 

Costome :  A  Malay  sarong.  The  weapons  are  a  spear  of  native 
■Dannfacture  and  shield  with  tufts  of  bnman  hair  and  a  carious 
serpentine  dagger  of  the  form  called  tbe  "creese." 

(6)  Maori,  of  New  Zealand,  modeled  by  Henry  J.  Ellicott,  from  New 
Zealand  photographs  in  the  National  Museum. 
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Coetome  :  Robe  of  New  Zealand  flax  {PhonHtum  iemtx\:  sbwiUir  1 
cape  of  feathers;  scepter  of  a  chief  held  in  both  hands. 

Th«  Maoris,  at  present  on  the  verge  of  extinction,  are  among  th*  1 
most  perfect  types  of  physical  beauty. 


(7)  Etkimo,  from  Hudson  Bay,  modeled  by  Theodore  A.  Mills.  fRs. 
photographs  and  from  life  masks  in  the  National  Hnsenm. 

Costume:   Reindeer  skin,  with  gloves  of  polar-bear  skiu.  collectnl  b; 
New  Bedford  vbalers. 

(8)  Tibetan,  from  Eastern  Tibet,  modeled  niider  tlio  direction  of  W. 
W.  Rockhill,  from  photographs  taken  by  him  in  Mongolia. 

Costume:  A  woolen  robe  and  boots  of  native  manufacture. 

(9)  8iaine»e,  modeled  by  Tfaeodore  A.  Mills,  from  photographs  obtained 
by  <)eu.  J.  B.  Halderman,  United  States  minister  to  Siam. 

Coatume:  Robes  of  native  fabrics,  presented  by  the  King  of  Siam. 


(10)  Arab  gbeik,  modeled  by  Monsieur  Ht^bert  (replica  of  his  fignrf 
in  the  Trocadero  Museum,  Paris). 

Costnme :  Woolen  robe  or  bumoose,  turban  of  camers  hair,  with  cord, 
et«.'.,  gitl  of  the  Trocadero  Musenm. 

(11)  Armenian,  from  Erzemm,  modeled  by  Theodore  A.  Mills,  fron 
life. 

Costume  (collected  by  Talcott  Williams,  of  Philadelphia) :  A  tarban. 
embroidered  coat  and  trousers,  and  robe  of  blue  grosgraJn  silk  8bot 
with  gold. 

(12)  Berber,  from  North  Morocco,  modeled  by  Theodore  A.  Mills, 
from  photographs  by  Talcott  Williams. 

Costume  (collected  by  Talcott  Williams):  An  inner  garmeut  and  oDt«r 
robe  called  the  "hoik;"  gun  of  native  manufacture. 

DEPABTUEMT  OF  BIBDS. 

The  birds  were  shown  in  six  cases,  five  of  which  contained  gronpa 
mounted  in  the  midst  of  accessories,  which  represented  their  uatani 
surroundings  and  are  intended  to  illustrate  their  habits  and  character' 
istics  of  different  ages  and  sexes.    (Alcoves  0, 1).) 

Boicer-Birda  and  their  playkouseg, — This  illnstrates  the  (curious  haUils 
of  the  Satin  Bower-Birds,  of  Australia  which  construct  a  "run,''of 
bower  of  twigs,  decorated  with  brightly  colored  feathers,  sheiiij, 
bleached  boues,  and  other  coiispionons  objects.  They  steal  bnttoos 
and  other  bright  things  ft^m  the  natives,  who,  it  is  said,  search  these 
boweT  1  which  they  miss  from  their  homes. 

la/'  ■  their  dancing   mound. — The   Lyre   Bird  (JTmiiira 

gupet  *o  Australia,  where  it  inhabits  the  densest  forests. 

It  ha  ^  of  bnilding  round  hillocks,  upon  which  the  male 

parai  id  tail  while  uttering  his  curious  cries. 
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Amer\4:aH  Flaminffoet  and  their  neaU  {from  a  photograph), — TUis 
nroap  sfaows  the  manner  in  which  the  Flamingo  sits  npoo  its  eggs;  the 
pecimeoB  are  from  the  Bidiama  Islands,  where  the  nests  are  mad«  of 
lecomposed  white  coral. 

l^ejrioan  Jacanas. — These  specimens,  ftvm  Lake  Patzcaaro,  in  Micbo- 
hcan,  Mexico,  illostrate  the  pecnliar  habit  of  walking  ai>on  floating 
eavee  of  a4]natio  plants,  for  which  these  birds  are  well  adapted  by  their 
OT)g,  slender  toee. 

The  rnterrvpted  IHnner. — Thin  gronp,  mounted  by  Mr.  F.  A.  Lncas, 
rec«ived  a  diploma  of  honor  at  the  Boston  esliibition  of  the  Society  of 
American  Taxidermists.  A  Red-Tailed  Hawk^Thile  eating  a  Oronse 
or  Pheanant,  is  attacked  by  a  mnranding  Goshawk. 

Colleetire  exhibit  of  Birds  of  Paradite. — A  representative  rolleetion, 
inclnding  abont  thirty  different  spet^fes  of  this  family  of  birds  from 
New-  Oninea,  so  remarkable  for  the  beaaty  of  its  plumnge. 

DBPABTBTBNT  OF  BBPT1LB8. 

A  gronp  of  the  poisonous  snakes  of  the  United  States  (Alcove  B),  in 
connection  with  which  was  shown  the  important  illnetrated  memoir 
upon  "The  Poisonous  Snakes  of  North  America,"  by  Dr.  Leoubard 
Stejneger,  which  had  just  been  published  by  the  mnsenm.  The  speci- 
mens had  been  brought  together  from  widely  separated  localities.  The 
following  species  were  represented:        « 

(1)  Diamond  Rattlesnake  (CrofaJtModamanfeiM),  Son thwestern  States; 
(3,  3)  Jtanded  Rattlesnake  [Crotalus  horridut),  Eastern  States, sontb  to 
Florida  and  the  Mexican  Gulf,  west  to  Kansas;  (4)  I'rairie  Rattlesnake 
(Crotalus  conflventiu),  Great  Plains;  (5)  Western  Diamond  Rattlesnake 
(Crotaliia  atrox),  Southern  United  States,  from  Texas  to  the  Gnlf  of 
California;  (T,  S)  Southern  Ground  Rattlesnake  (Sistrurtis  miliariun), 
Southeastern  States;  (9, 10)  Copperhead  (AgHstrodon  contortrix),  East- 
ern and  Sonthern  States;  (11  to  13)  Water  Moccasin  {Agkintrodon 
pi»cirorus),  Sontbeasterii  States;  (14)  Uarlequin  Snake  {Blapa  fulvius). 
Southeastern  and  Gulf  States. 

DBPABTMBNT   OP   P1SHB8. 

The  Department  of  Fishes  shows  (Alcove  E)  a  portion  of  a  colleolion, 
which,  if  exhibited  as  a  whole,  would  have  contained  a  representative 
of  every  one  of  the  2.^  existing  families  of  fishes.  The  abridged  collec- 
tion actually  shown  included  73  of  the  most  characteristic  American 
families.    The  method  of  installation  was  anew  one. 

DEPAETMEHT  OP  COMPARATIVK  ANATOMY. 

This  collection  occupied  the  wall  space  in  Alcoves  C  and  D,  and  its 
fixbibit«,  arranged  by  Mr.  F,  A.  Lucas,  were  intended  to  illustrate  the 
stmcture  of  a  considerable  number  of  the  most  interesting  types  of  the 
aoimal  kingdom. 
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Tb«  coDectiMi  vas  annged  im  tiar  groapa,  as  UIovb: 

fepnanlaCifv  /orau  •/  wrcrCeiralr  amimmlM.—B<en  were  rihilwlri 
aiKt  of  the  ordflts  of  tb«  iBTCctebrate  ■■tmiIt  in  snA  a  — "t  ~  a*  to 
illastrale  their  extamd  appeanmn,  general  Btraetare,  mad  Mode  at 
growtli.  The  raiiUrr  and  sore  peri^able  Cams,  as  veil  as  ceitaii 
details  of  anatonj,  were  flhutrated  bjr  enlarged  nodds  and  dravingi. 

Ewibryohff  mmi  dttthfmemt. — Here  was  sbovn  tbe  earl j  stages  <d 
Tarions  aainala,  showing  the  cnrioaa  tcaaslannatioBs  andergoae  b; 
the  Starfish,  the  Water  Beetle,  the  Lancriet  or  Amphionis,  the  TivsL 
and  the  Pn^:  the  devdopBcnt  of  the  do»estie  fowl  and  the  eadw 
stages  of  man.  nwre  was  also  a  series  of  models  showing  Oie  derekp- 
ment  of  tbe  Oiutrmla,  the  aMiet  inportaat  and  significant  gen  Satm  of 
the  ^"'Htal  kingdmn,  throogfa  which  all  ■■*■■"''■  above  the  Pratoas 
pass  in  the  earliest  period  of  deveb^iBient. 

ModiJieatioH  of  the  dxieUm  /or  loeomoliom. — This  senes  was  inleoded 
to  show  how  tbe  Figh,  Turtle,  Poigoin,  and  tbe  Seal,  representing  fiwr 
classes  of  animals,  are  so  modified  as  to  be  all  equally  at  boine  in  the 
water;  how  the  bat  can  fiy  like  a  bird,  a  &(^  leap  like  a  kangaroo,  and 
a  snake  swim,  climb,  and  crawl,  altboogh  it  possesses  no  Hmlw  at  aO. 
The  modificatiODS  of  the  skdetoo  for  climbing  are  illastnUed  bj  s 
Macaqoe,  a  Specter-lemar  w  Tarsier.  and  a  Sloth;  modifications  fiir 
leaping  by  tlie  Jerboa,  Kanguoo,  and  Frog;  for  crawling,  by  a  Wato- 
Snake;  for  digging,  by  tbe  Mole  and  Gopher;  for  swimming,  l^  the 
For  Seal,  the  Penguin,  the  Urtle,  and  the  Golden  Hacker^  or  Cre- 
valle;  for  sailiug,  by  a  Flying  Lemnror  (kringo,  a  Pbalaogcr,  and  the 
strange  little  lisard,  Draeo  roloa*,  known  as  the  Flying  Dragon;  fat 
flying,  by  a  Stork  and  a  BsL 

Above  the  cases  are  shown  tbe  skeletons  of  a  Black  Bear,  a  T^tir. « 
Manatee,  and  a  Porpoise. 

Anatomical  MotleU  iUiutrati»g  stntctitre. — These  models  are  on  s 
large  scale,  and  are  intended  to  show  organs  which  are  bo  minnte  in 
size  or  so  delicate  inBtmctore  that  tbey  can  not  otherwise  be  exhibited. 
One  model  illustrates  the  stmetore  of  tbe  Precious  Coral,  and  teaches 
bow  the  Tarions  single  polypi  ««  connected  with  each  other  and  to 
have  a  common  circulation,  so  that  what  is  eaten  by  one  benefits  aU. 
Others  sbow,  upon  a  large  scale,  the  various  organs  of  comfdicated 
anatomy  of  a  large  fish,  a  medusa,  a  fluke-worm,  a  marine  w<Hrm,  a  bee, 
a  ftog,  and  a  pen-h, 

DEPABTXEHT   OP   lUBinB   I»TEBTEBBATES. 

This  exhibit  waA  in  part  a  continuation  of  that  of  the  Dep u-tment  of 
Comparative  Anatomy,  and  included,  arranged  nearly  in  systematie 
order,  a  series  of  Bpecimens  representing  the  principal  groups  of 
marine  pnimnia  beginning  with  ttie  lowest  or  Protozoa,  and  embracinfc 
At  th4  "ne  tbe  Ascidians  fuid  Cephalopods  and  the  Amphi- 

hicb  is  by  many  aothorities  regarded  as  jthe  tnnsi- 
^rate  and  vertebrate  animals.        lOOi^^^k' 
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AlU  attempt  ma  made  to  show  tbe  general  cbaracter  of  tbe  lower 
>niis  of  animals  which  inhabit  the  ocean.  The  series  began  with  the 
^oraniinifera,  tbe  smallest  of  the  shell-bearing  Protozoa,  and  ends  with 
he  ftwiDB  which  are  believed  to  be  the  nearest  to  the  vertebrate  animals. 
loat  of  the  types  shown  are  &niiliar  only  to  the  professional  naturalist, 
hiid  are  not  even  provided  with  popnlar  names;  no  attempt  was  made, 
herefore,  to  describe  this  series  in  detail  or  to  do  more  than  mention 
M>me  of  tbe  most  fomiliar  types.  Sponges  were  shown,  both  as  they 
rrow  and  after  preparation  for  nse,  and  among  them  was  the  beaatifnl 
ace-like  "Venus'  Flower  Basket."  There  were  also  sea  anemones, 
M>ra]B,  and  Jelly-fishes,  among  the  specimens  iUnstratiog  the  group 
Coelenterata,  etc.,  some  of  the  most  beautifal  being  fhim  tbe  Naples 
Zoological  Station  and  the  explorations  of  tbe  Fish  Commission  off  the 
New  England  coast.  Among  the  Sea- Worms  are  the  forms  known 
as  Sea-Uice,  Sea-Centipedes,  and  Tube-Worms.  Tbe  group  known 
as  Ecbinodermata  was  illustrated  by  specimens  from  each  of  its  five 
orders:  (1)  the  Grinoids  or  "Sea-Lilies;"  (2)  tbe  Starfishes;  (3)  the 
Ophiurans  or  "Brittle-Stars;"  (4)  the  Echinoids  or  "Sea-Eggs;"  (5) 
the  Holothuriana  or  "  Sea-Cocambers."    There  were  also  specimens  of 

the  Oephalopod  Mollusks,  including  the  Pearly  Nautilus,  the  Octopus 

or  "  Devil- Ji^sh,"  and  the  Squids  and  Cuttlefishes. 
The  series  ended  with  the  representative  of  the  so-called  Protocbor- 

data,  which  includes  the  Ascidians  or  "  Sea  Sqnirts,"  and  tbe  Laucelet, 

which,  as  has  been  said,  occupies  debatable  ground,  and  was  also  shown 

in  the  exhibit  of  the  Department  of  Fishes. 

DEPABTHBNT  OF  MOIXU8K8. 

This  WHS  shown  in  Alcove  F,  and  is  properly  a  part  of  the  synoptic 
series  of  marine  invertebrates.  It  was  exhibited  in  a  single  table  case, 
and  Mr.  C.  T.  Simpson  had  made  the  most  of  the  very  small  space 
available  in  selecting  specimens  which  showed  the  wondertiil  beauty 
and  variety  of  form  in  the  class  of  Mollusks.  The  exhibit  is  described 
by  him  as  follows: 

The  families  and  subfamilies  of  recent  shell-bearing  mollusks  are 
arranged  essentially  according  to  Tryon's  Structural  and  Systematic 
Gonchology.    Nearly  all  the  shell-bearing  families  are  represented. 

In  tbe  collection  Nos.  1  to  4  represent  families  of  the  class  Cephalop- 
oda, the  most  highly  organized  of  the  mollosks.  It  includes  the  Cham- 
bered Nantilns,  represented  by  nameroas  species  in  past  geological 
ages,  bat  of  which  only  four  species  are  now  living;  tbe  Argonauts,  or 
Paper  Sailors,  a  genus  in  which  the  female  only  has  a  shell,  or  rather 
an  egg  case,  wbich  is  detachable  flrom  bertxkly;  tbe  Octopuses,  Cuttle- 
fishes, Squids,  and  Ammonites,  tbe  last  being  extinct  shells  with 
msrveloosly  complicated  chambers. 

No.  6  represents  tbe  Ptempoda,  a  class  of  mollusks  having  thin,  fragile, 
glassy  shells,  which  float  on  the  surface  of  the  sea.  They  are  sometimes 
called  "Sea  Butterflies,"  and  serve  as  food  for  whales. 
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Noe.8  to  136  represent  tbeclwe  Gasteropoda.  Of  tfae«e,  Kob.  66,11 
TO  to  7'ty  and  12n  to  13:i.  are  families  which  inhabit  frBBh  water;  'Set 
119  to  1::8  are  terrestrial,  and  the  remainder  for  the  most  partlinii 
the  sea.  The  shell  of  the  GaBteropods  is  typically  spiral,  bat  Ytnt 
from  a  mere  flat  plate  like  that  concealed  nnder  the  mantle  of  lAmu. 
throngb  conical,  tnbnlar,  and  coiled  forms  to  the  regnlar  spiral.  Nearir 
all  spiral  shells  are  dextral  (right-handed),  but  some  few  families 
genera  are  sinistral  (left-handed),  »s  for  example  the  Aehatimtiliit 
[No.  IIS).  The  iiasteropods  include  a  large  number  of  nsefiil  oru 
mental  s|>eeieR.  Among  those  of  economic  importance  are  the  fiw 
riitidtr.  the  Littorinida.  and  the  Trockida,  many  of  which  are  csed  te 
food. 

Xo.  137  represents  the  class  Scaphopoda.  The  nhells  of  some  of  th>« 
cinas  are  used  by  the  Indians  for  making  wampani. 

Sob.  1."18  Ut  190o  represent  the  class  Pelecypoda  or  bivalvea.  Moa 
of  these  are  marine,  bat  Nos.  179  and  180  live  in  fresh  water.  Mta; 
are  l>eantifnl  and  valnabte,  while  others  are  injarious.  The  wood  borcn 
(No.  141)  destroy  the  piling  and  the  planking  of  vessels  and  drydo^^ 
Some  of  the  Mytilido'  and  Ostreidre  are  edible.  The  Apicntid^e  prodon 
pearls  and  mother-of-pearL 

The  clitss  Brachtopoda,  which  donbtfully  belongs  with  the  Mollii9<^ 
was  extremely  ahnndaut  in  past  geological  ages,  but  is  now  representol 
by  only  a  fen-  si>ecies,  most  of  which  inhabit  deep  seas. 

DEFAKTMBNT   OF   INSECTS. 

This  display  occupied  the  wall  space  in  Alcore  F,  and  was  of  codtm 
very  far  from  completeness  either  as  an  exhibit  of  insects  or  as  an  illus- 
tration of  the  wealth  of  material  in  the  entomological  collections  of  tb< 
Museum.  Here,  thanks  to  the  pains  of  Prof.  C.  V.  Riley,  the  limit«] 
space  bad  been  utilized  to  admirable  advantage.  The  exhibit  ii 
described  by  him  as  followR: 

The  eliief  exhibit,  arranged  in  twenty-fonr  frames,  is  designM  to 

illustrate  the  peculiarities  of  the  various  families  of  insects.    It  is 

limited  to  Ilexapods,  or  insects  proper,  and  does  not  include  the  Spidei^ 

Mites,  and  MyriatHxls,  and  in  fact  some  of  the  families  of  the  true  insects 

are  necessarily  omitted.    The  object  of  this  family  exhibit  is  a  twa 

fold  one:  First,  to  give  the  student  the  salient  characteristics  by  which 

he  may  be  able  to  refer  any  insect  to  the  family  to  which  it  befongs,  and 

also  to  IIIuKtrate  what  are  considered  as  family  characteristics  as  con 

pared  with  the  larger  and  lesser  groupings  or  alliances.    The  second 

object  is  to  give  a  very  good  exhibit  of  the  North  American  faaii' 

since  by  selecting  types  illustrative  of  each  family  the  beholder  gets » 

very  fair  impression  of  the  character  of  the  North  American  insect 

fp'-  •   *'■-  "rtuiily  illustrations  all  being  drawn  from  North  America 

'  I>ortion  of  the  exhibit  is  designed  to  relieve  the  monotonj 

'tared  solely  for  instruction  by  adding  something  pleis 

Thus  eight  frames  have  been  arranged  as  a  sort  of 

ice  to  the  alcove.    These  consist  of  beautifnl  Lepidop- 

ent  which  have  been  purposely  chosen  from  tie  foor 
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reat;  s«ctioiiB  of  the  jrlobe  not  represented  in  the  family  collectiou. 
'has  tbere  are  two  boxes  of  Karoj)ean  butterflies  nud  motbs,  ono  of 
Lsiutit;,  one  of  African,  three  of  S^uth  American,  and  one  of  South 
American  beetles.  These  "show"  cases,  for  such  tbey  practically  are, 
lififer,  however,  from  similar  show  collections  in  having  eacb  insect 
iroperly  uamed,  so  that  many  a  specimen  which  has  perhaps  become 
ainiliar  to  the  museum  or  eximsition  visitor  by  virtue  of  its  attract- 
veuests  and  brilliancy  will  here  be  properly  introduced  by  name,  and 
hus  give  an  added  pleasure  to  those  who  wish  to  be  able  to  call  things 
>y  name. 

UEFAUTUKNT   OF   I'AI,EONT(n,(KiY. 

The  exhibit  occupied  one  double  case  in  Alcove  G,  and  was  intended 
to  Bbow,  so  far  as  could  be  done  in  a  small  spiice,  tbe  character  of  the 
collections  in  the  Maueum  and  the  manner  in  which  they  are  arrange<l 
auil  labeled.  It  included  one  hundred  and  sixteen  apecien  of  North 
Americau  fossils,  arranged  according  to  their  geological  age,  and  is 
described  as  follows  by  Mr.  Charles  Schuchert: 

The  fossils  are  arranged  in  the  order  of  their  appearance,  or  chrono- 
logically, with  a  view  to  illustrate  some  peculiar  ebaracteristic  of  the 
geologrical  syst«ma.  The  surface  distribution  of  each  system  is  shown 
on  tbe  colored  map  of  tbe  United  States  on  top  of  the  case.  The  ohiest 
undoubted  fossil -liearing  horizon  in  Korth  America  is  the  Camltrian, 
which  is  distinguished  for  the  variety  and  abundance  of  its  trilobites 
or  lowly  organized  crustaceans  (shown  on  the  extreme  left  of  tbe  case). 
it  is  remarkable  that  80  early  in  tbe  history  of  life  great  diversity  of 
structure  is  attained,  since  this  system  hus  all  the  essential  types  of 
invertebrate  animals  or  organisms  without  interna)  hartl  skeletons, 
such  as  Sponges,  Oorals,  Mullusi-s,  and  Crustaceans.  In  tbe  next  sec- 
tion— the  Ordovidan  system — the  ^lollusca  or  shell-bearing  animals  are 
present  in  great  diversity  of  form.  These  animals  continue  promi- 
nently throughout  all  succeeding  geological  formations,  anil  are  ]>articn- 
larly  abundant  in  the  Tertiary  strata.  The  I}eronian  is  marked  by 
extensive  coral  reefs,  of  which  but  a  few  species  can  be  here  shown,  on 
account  of  tbeir  large  size;  at  this  time  )>eculiar  strongly  armored  fishes 
also  abound.  The  Varboni/eroua  system,  more  particularly  the  Lower 
Carboniferous,  is  characterize*!  by  the  development  of  Crinoids  or 
stone  lilies,  animals  related  to  starfishes.  A  number  of  excellent 
specimens  from  the  celebrated  locality  at  Crawfonlsvillc,  Ind.,  are 
shown.  This  system  is  also  peculiar  for  the  first  abundant  and  diverse 
development  of  land  plants  whose  renudns  have  supplied  the  material 
for  the  many  coat  seams.  In  the  shale  bands  between  the  coal  or  in 
tbe  roofs  of  coal  mines  beautiful  ferns  abound,  Kome  of  which  iire 
shown. 

In  the  Carboniferous  air-breathing  animals  occur  rarely,  but  in  sub- 
sequent strata  land  animals  are  more  unmcrous.  In  the  Jurassic,  or  the 
system  immediately  below  the  Cretaceous,  great  reptile-like  animals — 
the  Dinosaurs — abounded,  some  70  feet  and  more  in  length,  continuing 
to  tbe  close  of  the  Cretaceous.  Among  shelled  animalH  the  Ammonites 
are  particularly  peculiar  to  these  systems. 

From  the  Tertiary  formations  of  tbe  liocky  Mountain  region  their 
yooDg  have  been  exhumed,  many  and  diverse  mammals  or  animals  that 
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snckle.  TLese  Eure  the  aocestors  of  many  modem  land  aniirals  m* 
ittbabiting  laud  areas  otber  than  North  America.  Among  thcon  wm 
very  small  horses  with  three  toes  on  each  foot,  camels,  tapirs,  elephancK. 
etc.  One  of  the  characteristic  sea  animals  of  this  time  aboanding  ii 
the  Gnlf  border  region  is  the  Zeuglodon  Whale,  a  form  related  to  botk 
whales  and  seals.  A  restoration  of  the  skeleton  of  this  loug  and  Blesde 
animal  is  shown  suspended  from  the  roof.  The  shelled  animals  of  tUi 
era  at  once  remind  ns  of  living  species. 

This  collection  also  alms  to  show  methods  of  displaying  fossils  ■&■ 
iu  use  in  the  Department  of  Paleontology.  The  fossils  are  cleaned  of 
all  adhering  rock,  and  when  possible  a  series  of  each  species  is  seleeted 
to  show  specific  varieties,  being  then  glned  npon  eiicanstic  tiles.  Tbe 
advantage  of  tiles  lies  in  the  fact  that  they  will  neitiier  fode  nor  waip. 
are  more  uniform  iu  size,  and  nearly  as  cheap  as  paper,  or  thin  wooden 
tablets.  In  cases  where  the  attached  specimens  mast  be  removed,  tUs  i 
can  readily  be  accomplished  by  soaking  in  water  without  iiynry  to  tke  I 
tiles. 

DBPABTMBNT  OF  GBOLOOY.  ' 

In  a  single  case  in  Alcove  H  was  a  collection  illastrating  the  occur- 
rence and  association  of  gold  and  silver  in  nature,  which  is  thus  described 
by  Prof.  George  P.  Merrill:  i 

The  exhibit  begins  with  a  series  of  specimens  showing  both  the  natin  I 
metals  and  their  compounds  in  the  condition  of  greatest  natural  puri^.  I 
This  is  followed  by  a  series  of  the  same  compounds  with  their  chane- 
teristic  associations,  but  in  which  the  metal-bearing  portions  ue  still 
plainly  evident,  and  this  in  tnrn  by  a  third  series  showing  selected 
types  of  the  ores  as  mined,  but  in  which,  as  a  rule,  the  metal  or  its 
comiwunds  are  scarcely  discernible. 

Attention  is  called  to  the  fact  that  while  gold,  aside  from  its  native 
form,  enters  as  an  essential  constituent  into  less  than  half  a  docen 
known  minerals,  silver  occurs  in  upward  of  six  times  as  many.  Tha« 
gold,  aside  from  its  natural  alloys  with  silver  (electmm),  bismuth,  and 

!>alladiam,  is  found  in  chemical  combination  with  other  elements  only 
n  the  minerals  petzite,  sylvanite,  krennerite,  and  uagyagite.  Silver, 
on  the  other  hand,  is  found  native,  as  an  alloy  with  gold  (electrnm),  or 
mercury  (amalgam),  and  also  as  an  essential  element  iu  compounds 
forming  nearly  forty  mineral  species  more  or  less  well  defined. 

Several  of  these  compounds  are  very  rare,  and  not  at  present  indadcd 
in  the  series  exhibited. 

It  is  further  to  be  noted,  that  while  both  gold  and  silver  occur  dtiier 
as  native  or  iu  compounds  of  such  size  as  to  be  easily  seen  by  the  naked 
eye,  the  great  majority  of  ores  of  either  metal  are  composed  in  la^ 
part  of  otber  substances  with  which  the  metal  is  so  finely  and  inti- 
mately r  '  to  be  invisible  and  determinable  only  by  chemiral 
means  <  'urs  as  a  replacing  constituent  with  other  ejements. 
Thus  t'  m  form  of  gold  ore  is  an  auriferous  pyrite,  while 
the  mo  T  ore  is  an  argentiferous  galena. 

In  tl  ibited  attention  needs  to  be  called,  first  to  the 

native  i  gold  found  in  the  metallic  state  in  nature  as 

dlqdaj  f  nuggets,  leaf  gold,  wire  gold,  and  gold  (last 
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rom  various  localities;  second,  to  the  oompoDnds  of  gold  with  silver, 
ellariam,  antimony,  and  snlphar  as  shown  in  the  minerals  petnite,  syl- 
'anite,  krenDerite,  and  na^yagite;  third,  to  the  occarreDce  of  the 
lative  metal  irith  its  associates,  either  as  duet  or  nnggets  in  sand  and 
gravel,  or  impregnating  qnartz,  slate,  calcite,  and  other  minerals  form- 
ng  the  characteristic  gaugne,  and  lastly  to  the  series  of  gold  ores,  rep- 
eaeuting  the  metal-baring  rocks  as  usually  mined,  and  which,  while, 
18  above  noted,  showing  no  trace  on  casoal  inspection  of  the  precious 
netal,  nevertheless  conbun  it  in  sufficient  amount  to  render  its  extrac- 
Jon  by  chemical  or  mechanical  means  a  profitable  industry. 

The  eilTer-bearing  series  is  arranged  in  a  similar  manner.  It  ia  to 
M  noted  that  while  gold  is  common  in  deposits  of  sand  and  gravel,  as 
"  placer  gold,"  silver  very  rarely  occurs  in  this  form,  and  is  represented 
here  only  by  the  silver-bearing  sandstone  ftom  Washington  Ooanty, 
Utah.  Native  silver  in  the  form  of  "wire"  or  "moss"  silver  is,  how- 
ever, oomparatively  oommoo,  as  shown  in  the  specimens  from  Mexico 
and  Saxony.  Some  of  the  silver-bearing  compounds  are  of  great 
beaaty,  as  iUustrated  in  the  raby  silvers,  proostite  and  pyrargyrite. 

The  total  annual  production  of  gold  and  silver  for  the  world  for  1894 
is  given  as  8,616,892  ounces  of  gold,  and  166,137,408  ounces  of  silver. 

DBPABTKBNT  OP  VmBBALfl. 

This  department  (Alcove  Q),  was  represented  by  a  collection  of  high 
edncational  importance,  arranged  by  Mr.  Wirt  Tassin,  under  the  direc- 
tioQ  of  Prof.  F.  W.  Clarke,  the  curator,  and  is  described  as  follows: 

Entering  the  alcove  the  wall  cases  contain  a  series  of  minerals 
selected  and  lat>eled  to  illostrate  the  several  properties  or  characters 
of  one  mineral  species  as  compared  with  other  mineral  species,  in  other 
words,  "  comparative  mineralogy," 

The  first  case  on  the  left  contains  a  series  of  143  minerals  illnstratiug 
chemical  mineralogy;  that  is,  the  composition,  variation  in  composi- 
tion, and  the  relation  of  composition  to  form  of  minerals. 

The  chemical  composition  of  minerals  is  illustrated  by  several  typical 
elements  together  with  a  m^ority  of  their  combinations.  It  will  be 
observed  that  gold  has  comparatively  few  combinations,  and  that  its 
occurrence  is  practically  restricted  to  the  element;  while  iron,  the  most 
useful  of  the  heavy  metals,  rarely  occurs  as  the  element,  yet  affords  a 
great  number  and  variety  of  compounds. 

Proceeding  from  left  to  right,  the  next  case  contiuuB  a  series  of  models 
and  specimens  illustrating  the  principal  forms  of  minerals  depending 
upon  molecnlar  structure  of  form. 

Beginning  with  the  system  of  crystallization  each  system  is  repre- 
sented by  a  typical  crystal  gronp  followed  by  models  and  specimens 
showing  the  principal  forms  belonging  to  that  system. 

For  example,  fioorite,  a  typical  isometric  mineral,  is  shown,  then  a 
glaxs  model  of  the  fundamental  isometric  form,  ttie  octahedron,  and 
spinel;  a  typical  octahedral  mineral.  Following  the  system  of  crys- 
tallization are  crystal  aggregates,  including  twin  crystals,  parallel . 
ETOwtha,  and  imperfections  of  crystals. 

The  next  wall  oases  contain  series  lllustratiDg  isomorptiism,  psendo- 
morphism,  and  the  varions  characters  depending  upon  the  action  of 
the  Heveral  physical  forces,  such  as  light,  cohesion,  mass,  heat,  etc. 

The  floor  case  on  the  left  contains  several  minerals,  arranged  to  show 
tlie  great  divMsity  and  beauty  of  their  coloring.  ,^         . 
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Tbe  floor  case  on  tbe  right  contains  meteorites  showiog  tlie  |, 
obarocter  and  compositioii  of  tboae  bodies.  Attention  is  cHlled  to  ibv 
largemeteoriteontLepedeBtal,weigIiing746  pounds  from  Canyon  DiAblu. 
Ai-izona,  and  to  the  several  other  meteoric  irous  lu  the  case,  from  tbr 
same  locality.  These  irons  are  of  interest  becaose  of  the  great  siz«  and 
extent  of  the  "fall/'  over  10  tons  of  them  having  been  found  in  tberegiob. 
and  also' from  the  fact  that  they  contain  microscopic  diamonds. 

SYNOPSIS  OV   AltBAMOBMBNT. — CUHPAKATIVB   SBRIKN. 

I.  Chemical  mineralogy. — Chemical  compositioii;  variation  in  ooot 
position ;  relation  of  composition  to  form. 

II.  rhjfiical  mineralogy. — Crystallography;  compound  crystals;  ia>- 
morphisin,  Fleomorphism. 

Pseudojnorphs. — Characters  depending  npon  light:  laster,  color,  dia^ 
phaueity;  characters  depending  npon  cohesion:  cleavage,  fracture, 
t«uacity,  hardness;  characters  depending  npon  mass:  heat,  magoetisiD. 
and  electricity;  specific  gravity:  fusibility,  magnetism,  and  electricil;. 

, DKPABTMBNT   OP   BOTAMY. 

This  exhibit  occupie^l  three  sides  of  Alcove  H,  and  <.-onsisted  of  a 
collection  of  the  woods  and  shrubs  of  Japan  mounted  in  a  very  original 
and  beautiful  manner  by  Japanese  artists.  To  each  species  was  devoted 
a  ikolishetl  panel,  made  of  its  own  wood,  upon  which  were  painted  tb* 
leaves,  flowers  and  fruit,  while  the  panel  was  framed  with  itsown  hari. 

The  (Millections  belonging  to  this  department  are,  for  the  most  part. 
not  available  for  exhibition  purposes,  being  chiefly  dried  specimens  tot 
research  work.  The  national  herbarium  contains  a  qnarter  of  a  millioD 
mounted  plants. 

DEPAETMKNT  OP  MATERIA   UEDIOA. 

Tlie  exhibit  of  this  department,  Alcove  U, consisted  of  »  case  illustrat- 
ing the  comiHtsitiou  of  a  number  of  the  principal  mineral  waters  used 
as  beverages  and  for  medicine.  By  the  side  of  a  bottle  of  the  water, 
as  found  in  commerce,  are  placed  a  number  of  smaller  bottles,  which 
contain  the  amount  of  each  chemical  substance  found  in  the  amount  of 
water  shown  in  the  first  bottle.  Here,  also,  is  a  case  which  illustrat«»i 
the  composition  of  the  human  body  by  displaying  in  bottles  the  exact 
quantity  of  each  substance  to  be  found  in  the  body  of  a  manof  averajie 
BJxe  (  [el  series  are  shown  the  quantities  uf 

each  >dy. 

ISTOBIC  AMTHROPOLOGT. 

Th  ,  and  consisted  of  a  small,  carefnlly 

m>]wi  nd  objects  used  by  man  in  prehistoric 

tjniw  American, 

Dcinz.aoy  Google 
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The  explanation  of  the  exhibit  is  contributed  by  Dr.  Thomas  Wilson ; 
In  this  exhibit  791f  specimens  are  displayed,  aa  follows:  Stone,  410; 
opi>er,  110;  shell,  20;  bronze,  78;  gold,  26;  bone,  18;  pottery,  i:i4. 

Anthropology  is  the  science  of  man  considered  in  all  of  his  parts  and 
intnre.  Prehistoric  anthropology  is  that  part  of  this  great  science 
rhich  relates  toman  in  prehistoric  times.  "  Prehistoric"  means  before 
written  history  was  begun  in  the  locality  or  coantry  under  considera- 
ion.  History  began  several  thousand  years  earlier  in  Egypt  and  the 
ilassic  Orient  than  in  Gaul  and  Britain,  and  these  fifteen  hundred  years 
earlier  than  America.  Knowledge  of  the  existence  of  prehistoric  races 
>egan  urith  the  discovery,  about  the  year  1806,  of  the  ages  of  Stone, 
BroDze,  and  Iron  in  the  Scandinavian  countries.  It  was  not  recognized 
n  its  inll  scope  until  the  discovery  in  France,  about  185!),  of  what  is 
^iklled  the  "  Chipped  Stone"  or  "  Paleolithic"  Age.  Since,  the  antiquity 
of  man  has  been  a  subject  of  lively  discussion  in  most  countries,  and 
mauy  attempts  have  been  made  to  construct  the  history  of  his  early 
times.  The  announcement  by  Darwin  of  his  theory  of  "Evolution^  as 
the  origin  of  the  human  ei>eGies  added  interest  to  the  Investigation. 
Tho  study  of  the  life,  customs,  culture,  and,  indeed,  the  making  of  the 
history  of  prehistoric  man  can  only  be  done  through  the  investigation 
of  objects  made  and  used  by  him.  This  investigation  considers  their 
condition,  the  mode  of  their  manufacture,  their  associations,  and  the 
places  wherein  they  have  been  buried,  with  tho  incomplete  information 
wo  get  from  the  skeletons.  In  its  relation  to  the  Korth  American  Indian 
wearedei>endentnpontheobjectswefindiuhiswork8hops,  his  destroyed 
homes,  or  in  his  graves  and  monuments.  We  study  his  mounds  and 
earthworks,  cemeteries,  village  sites,  quarries,  and  workshops.  We  find 
his  axes,  hatcheto,  adzes,  and  gouges,  and  from  these  we  speculate  how 
he  felled  trees,  cut  wood,  and  made  boats,  sledges,  and  the  hundred 
objects  of  wood  employed  by  savages.  Ilis  stone  quarries  and  work- 
shops show  the  raw  material,  and  how  he  manufactured  bis  implements 
by  tho  processes  of  chipping,  grinding,  polishing,  and  drilling.  The 
same  for  horn,  sliell,  and  bone,  of  which  we  possess  many  thonsand 
objects  made  into  beads,  pins,  gorgets,  and  other  ornaments,  Thecop- 
I»er  and  gold  objects  are  to  be  studied  on  the  same  lines.  Pottery  was 
much  nsed  by  prehistoric  man,  and  its  manufacture  was  carried  on 
wherever  he  dwelt.  The  pottery  exhibit  is  displayed  on  the  shelves 
above  the  tiat-topped  cases.  To  the  right  are  specimens  of  Kurorfeau 
prehistoric  pottery  of  the  Neolithic  and  Bronze  ages.  This  is  followed 
hy  ware  from  the  aborigine?  of  the  United  States.  The  long  shelves 
in  front  contain  specimens  from  Mexico,  Central  and  South  America. 
On  a  pedestal  is  a  reproduction  of  an  "  Ogham  stone,"  illustrating  a 
nide  written  language  which  was  prevalent  in  Ireland  at  a  very  early 
day. 

THE   ORIQIM  AND  SIGMIPIOANCE  OP   GAMES, 

In  the  next  alcove  (K),  which  occupied  the  circular  tower  iu  the  south- 
east corner  of  the  building,  is  displayed  a  special  collection  illustrating 
"The  origin  and  significance  of  games  in  all  i>arts  of  the  world," 
especial  jirominence  being  given  to  chess  and  cards.  The  display  was 
made  in  cooperation  with  the  University  of  Pennsylvania,  and  has  been 
arranged  by  Mr.  Stewart  Cuhn,  director  of  the  University  Museum. 

The  objects,  arranged  iu  a  i>rogres8ive  series.  Oil  34  upright  coses, 
Uke  pictures  in  frames,  and  one  large  table  case.  They  form  an  almost 
8K  96 40 
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complete  hifltory  of  cards  and  chess,  beginning  with  the  primitive  tones- 
ori^nally  nsed  for  divination,  down  to  the  games  of  the  preaent  dij- . 

Especial  interest  attaches  to  the  tact  that  the  clae  to  the  ori^  at 
both  chess  and  cards  was  fonnd  by  Mr.  Colin,  with  the  ud  giva  bv 
Hr.  Cashing,  among  the  aboriginal  people  of  America.  The  jmek  of 
eaids  is  shown  to  have  originally  consisted  of  a  handle  of  airava. 
marked  with  the  signs  of  the  world  quarters.  The  sh^tments.  or 
fiealboed  part  of  these  arrows,  bearing  cosniical  marks,  were  first  naed 
in  fortane-telling,  and  ^m  their  use  our  card  games  arose. 

Id  America  the  Indian  did  not  get  beyond  the  use  of  carrad  aod 
painted  staves.  The  American  case  shows  arrows  of  the  McClood 
Biver  ludiaDB,  of  California,  marked  with  colored  ribbons,  by  wltirk 
they  were  distingniahed.  Side  by  side  with  them  are  the  gambliag 
BtJefcsof  the  Haides,  of  Vancouver  Islanil,  similarly  marked  with  ring« 
of  color  and  nsed  like  cards  in  their  gambling  even  at  the  present  day. 
In  the  adjoining  case,  devoted  to  Eastern  Asia,  the  practice  arrowa  <if 
Korea  are  shown,  and  with  them  the  derived  playing  cards  bete  made 
of  oiled  paper,  yet  bearing  both  on  their  backs  and  faces  devices  oofucd 
from  tbe  cat  feathers  of  the  arrows.  With  them  are  Chinese  cards  witk 
the  same  emblems  surviving  as  markers  or  indexes  at  tbe  ends.  Tbe« 
cards  are  "double-headers,"  as  indeed  were  the  gambling  sticks,  carry- 
ing back  the  idea  of  our  common  playing  cards  with  doable  heads  and 
index  marks  to  the  most  remote  antiquity.  Tbe  Japanese  cardtn,  in  tkc 
same  case,  bear  emblems  derived  in  |iart  from  tbe  same  sonrce,  whilr 
the  circular  cards,  called  Gunify,  of  ^Tbich  a  beautifal  pack  is  sbown, 
are  painted  in  colors  to  correspond  with  the  world  quarters.  A  single 
pack  of  tbe  national  cards  of  each  of  tbe  principal  countries  in  tfac 
world  follow,  comprising,  in  Enrope,  Germany,  France,  Spain,  Italy, 
Switzerland,  Austria,  Sweden,  England,  and  Bussia.  The  card  seriw 
closes  with  the  pack  with  pictures  of  the  Chicago  Exposition  and  the 
cards  with  pictures  of  tbe  ConfMerate  dag,  made  io  England  ftn-  sale 
in  the  South  during  the  war. 

The  chess  series  begins,  like  that  of  cards,  with  the  divinatory  gamc« 
of  primitive  people,  in  which  our  game  originated.  America  is  here 
again  conspicuous,  and,  with  the  objects  representing  the  first  steps  in 
the  evolution  of  the  game,  are  shown  other  commou  things,  sach  ax 
visiting  cards  and  the  folding  fan,  which  Mr.  Gnlin  traces,  with  chess, 
to  the  marked  arrow  of  primitive  cultnre.  The  historical  chesBaseriM 
comprises  boards  and  men  from  India,  Burmah,  the  Malay  Peninsula, 
the  Maldive  Islands,  Korea,  China,  anil  Japan. 

The  specimens  are  all  arranged  as  in  actual  play. 

DBPABTHENT  OF  ABT»  AND  INDU8TB1B8, 

In  Alcove  K  was  shown  also  a  small  case  containing  a  collection  of 
ancient  glass  from  excavations  in  tbe  vicinity  of  Tyre  and  Sidoo, 
remarkable  not  only  for  its  beauty  of  form  but  on  accoant  of  the 
entirely  iridescent  coloring  which  it  has  acquired  through  having  been 
burie*'  '  f*""  twenty  centuries  or  more. 

^d  'RS  a  case  of  carved  ivories  ftxtm  Japan.    The  native 

g^lr  'vn,  with  great  minuteness  and  accuracy,  the  cos- 

^aatf  >thods  of  work  of  a  large  number  of  the  native 

jp^\  <  introdnction  of  any  European  implements — th« 

gign  ^^B  armor  maker,  the  lantern  maker,  the  umbrella 

makt 
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iBIere  also  was  shown  aooUection  toillnBtrate  thederelopmeot  oftfae 
Bz-amic  art  in  Japan.  This  had  been  arranged  by  Hr.  Heromicb 
liagio,  and,  although  it  did  not  contain  any  coDBJderable  uumbei  of 
'61 J  aoatly  pieoea,  it  was  historically  quite  complete,  and  was  described 
y  Mr,  Shugio  as  follows : 

Japanese  history  mentions  that  some  pottery  was  made  In  a  village 
f  Idsnuii  to  a  considerable  extent  from  the  very  early  days,  and  that 
another  factory  was  in  existence  in  the  province  of  Oari  daring  the 
»eriod  of  581-6G0,  B.  C.  Tweuty-niue  years  before  the  Christian  era 
'eano  Saijin  ordered  that  humau  figures  made  of  burnt  clay  be  bnried 
vitb  his  wife,  Empress  Uihasnbriue,  in  place  of  her  attendants,  as  had 
>een  customary  until  that  time  whenever  any  member  of  the  imperial 
'amily  died.  This  humane  decree  abolished  an  abominable  custom, 
ind  the  pottery  in  its  infancy  played  one  of  the  most  imiwrtaut  and 
iioblest  acts  in  history. 

The  early  productions  were  of  more  nnglazed  burnt  clay,  not  like 
bboae  of  the  early  American  pottery. 

Th«  introduction  of  the  potter's  wheel  by  Giyoki,  a  priest  of  Idsumi, 
iu  724  A.  D.,  must  be  taken  as  the  real  begiuniug  of  our  ceramic  art 

The  flrst  glazed  stoneware  is  said  to  have  been  made  by  Kato  Shi- 
rof  e,  now  at  Seto,  iu  the  province  of  Owari,  in  1323  A.  !>.,  after  his 
retorn  from  Chiuai,  where  he  spent  several  years  iu  studying  ceramic 
art.  From  his  time,  Seto  became  the  center  of  ceramic  art,  and  all  the 
ceramic  productions  came  to  be  called  "Seto  mouo"  in  Japan,  as  all 
the  i>orcelaius  are  called  "China"  in  Great  Britiiin  and  America. 

The  first  porcelain  was  made  by  tiordayu  Shonsui,  a  native  of  the 
province  of  Ise,  who  studied  ceramic  art  in  China  iu  about  1513.     His 

E redactions  were  mostly  made  with  Chinese  materials,  which  were 
rought  back  by  him  from  *hat  country,  and  they  were  decorated  iu 
blue  under  the  glaze. 

The  greatest  progress  in  Japanese  ceramic  art  has  been  made  since 
the  triumphant  return  of  the  Korean  expedition  in  1859,  when  mauy 
skillful  Korean  letters  were  brought  over  and  the  famous  ceramic  fac- 
tories of  Bizeo,  Higo,  Chikuzen,  Satsnma,  Tosa,  Kagato,  Yamaaliiro, 
Owari,  etc.,  were  either  established  or  improved  by  those  potters. 

The  first  potter  who  succeeded  in  decorating  (wrcelain  with  enamel 
paintings  over  the  glaze  was  the  celebrated  potter  Kakiyemon,  of  the 
Sakaida  family  of  NangaWara,  a  village  near  Arita,  who  mastered  this 
ttecret  of  enamel  painting  from  Tokuzayemon,  of  Imri,  who  learned  his 
method  from  a  captain  of  a  Chinese  ship  at  Nagasaki  in  1<!40. 

Kakiyemon  was  assisted  in  his  essays  in  enamel  painting  byOosu 
Gombei,  another  well-known  potter.  In  1646  Kakiyemon  is  said  to 
have  sold  his  decorated  porcelains  to  a  Chinese  trader  in  Nagasaki, 
and  thns  he  has  the  honor  of  being  the  first  Japanese  potter  who  dec- 
orated porcelains  with  enamels  and  who  sold  Japanese  porcelains  to  a 
foreigner.  Since  then  his  productions  were  bought  by  Chinese  and 
Dntch  traders  at  Nagasaki  to  export.  He  was  houore<l  by  Prince 
Naheshinia  Samio,  of  Bizen,  by  being  appointe<l  a  special  maker  to 
hig highness.  Specimens  numbers  150  and  151  are  his  works.  Although 
they  are  not  hie  best  works,  they  will  be  found,  on  close  examination, 
te  be  the  works  of  a  master  hand. 

Nisei,  the  great  Kioto  potter,  through  the  generosity  and  liberality 
of  Wankiu,  a  wealthy  Osaka  merchant,  succeeded  during  1655-1657  in 
decorating  pottery  with  enamel  painting  after  the  newly  introduced 
uethod  by  Kakiyemon,  now  so  much  admired  as  the  Niusei  ware. 
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uumbers  54,  55,  56,  and  57  are  copies  after  hia  works, 
and  67  were  copied  by  Okomara  Shozan,  of  Kioto,  vho  ia,  p^iapK. 
tlie  best  copist  of  Nineei  aioce  hia  time,  and  some  of  hia  cofMes  an 
often  niistakeo  for  tbe  origioala,  even  by  Japanese  connoissearB. 

Another  important  epoch  in  our  ceramic  art  vas  the  diaooverr  of 
the  use  of  saggers  in  baking  porcelains  by  Tsoji  Kizayemon,  a  n^ol 
potter  of  Arita,  during  the  Ewhmbum  period  (1661-1672).  The  por 
celaina  baked  in  saggers  are  called  "gokuskin  yaki."  Nnmber  153  is 
a  specimen  of  this  gokuskin  yaki  made  by  one  of  his  descendants,  vko 
were  honored  by  being  appointed  makers  to  the  imperial  coortof  Kioto. 
The  porcelain  was  and  ia  made  at  Arita,  Okawachi  (where  NE^esfaina 
ware  was  made),  Uikawachi  (where  Jiratlo  ware  was  made),  Shiraisbi, 
Kameyama,  etc.,  in  the  province  of  Hixeii;  at  Seto,  ia  Owari;  at 
Ttuimi,  ill  Mino;  at  Kutani,  in  Haga;  at  Kiyomidsu,  in  Yamashiro;  at 
Sanda,  in  Settsn;  at  Himeji,  in  Harima;  at  Hikooe  or  Koto,  Id  Omi; 
atOtuand  Tokio,  in  Masashi;  at  Okayama,  in  Kii;  Wakamatasa,  in 
Iwashiro,  et«.,  of  wliich  nearly  all  the  factories  are  represented  in  tbe 
collection.  Of  the  important  factories  where  the  pottery  (faience  ami 
Btoueware)  was  and  is  made  this  collection  represents  Satsatna,  Ear- 
utsu,  in  Hizen ;  Takatori,  in  Chikuzen ;  Yatsushsro,  in  Hogo;  8higa.0B 
the  island  Tsushima;  Hagi  or  Matsumoto,  in  No^to;  Sawo;  Shido, 
in  Sumuki;  Kosohe,  in  Settsa;  Akahada,  in  Yamato;  Kioto,  in  Yaaa 
shiro;  Shi^nraki,  in  Onii;  Seti,  in  Owari;  Tachikni  and  Sasayama,  in 
Tamba;  Ftuiria,  in  Idsumo;  Iga,  Sado,  Kutaut,  in  Kagaj  Soma,  in 
Iwaki;  Imbe,  in  Bizen;  Mianto,  in  Idsomi;  Bauko,  in  Ise,  etc. 

The  collection  is  displayed  in  three  cases  in  Alcove  E,  by  proTinoes, 
in  accordance  with  the  following  plan : 


Hiiaa 

.   Karatsn. 

Idiumo 

IdranM. 

AriU. 

Id.Dtni 

Id«anii. 

Hirada. 

Yamato 

AkalMdft. 

NauKBwkra. 

Snrvo 

Sorro. 

Kt.;:::;;:;:: 

H«i. 

T»k«t*Ti. 

KBki;«mon. 

Tiryi  Gokuahiu. 

Hig" 

KMii«yaDW. 

Rntenma 

SaUnaw. 

BoRMaki. 

Settan 

Sbiroitthi. 

Kirko. 

TaUbm(iBl»iidorTH 

.  THuehima. 

Soma. 

Owari 

.  Seto. 

KaRa 

Honika. 

.  Shigftrkki. 

Sanaki 

SbWo. 

.  Zoishi. 

Kioto. 

Timba 

.   Tnniba. 

Ota. 

Across  the  aisle  (Alcove  L)  was  a  small  series  of  ninsical  instrnmeDts 
intendeil  to  illustrate  the  character  and  method  of  arrangement  of  the 
very  extensive  collection  in  the  National  Maseam.  A  series  of  five 
times  the  extent  bad  been  selected  to  be  sent  to  Atlanta,  bet  the  limi- 
tations of  space  were  such  as  to  make  it  necessary  to  reduce  this,  m 
well  as  every  other  exhibit. 
The  collection  is  intended  to  illustrate  a  few  of  the  stages  in  tbe  pro- 
-resstve  evolution  of  stringed  instruments.  The  series  begins  with  * 
ide  niasicat  bow  of  Mashonaland,  which  is  only  used  to  mark  time 
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ind  is  aadible  only  to  the  perforiiadr,irho  holds  one  end  between  his  teeth. 
^t  the  other  end  of  the  series  are  the  guitar  and  violin  ;  the  former 
-epresented  not  only  by  the  well-known  Baropean  instniments,  bat  by 
related  forms  from  India  and  AfHcs.  Intermediate  8ta£:e8  are  shown 
3y  a  iiomberof  interestiDg  types,  named  and  describedapon  the  labels. 
rhe  series  selected  for  Atlanta  contains  aboat  two  hundred  instrnments. 
The  small  portion  of  it  shown  gives  bat  a  meager  idea  of  the  great 
collection  in  the  National  Husenm,  which  includes  some  three  thonsand 
forms. 


Alcove  M  was  devoted  to  a  collection  of  objects  illustrative  of  the 
Bible,  arranged  under  the  direction  of  Dr.  Cyrus  Adier,  custodian  of 
the  collection  of  religions  ceremonials  in  the  Museum.  An  attempt  has 
been  made  to  show  representative  specimens  of  most  of  the  classes  of 
objects  which  are  of  value  to  the  students  of  the  Bible,  and  the  collec- 
tion, though  necessarily  limited  through  lack  of  space,  may  fairly  be 
said  to  have  constitnted  a  miniature  Biblical  museum. 

The  archieology  of  the  Bible  is  represented  by  a  collection  of  casts 
illustrating  the  ancient  Hittites,  frequently  mentioned  in  the  Bible  from 
the  time  of  Abraham  down ;  by  an  Egyiitian  mummy  secured  by  the 
late  Hon.  S,  S.Gox,  United  States  Minister  to  Turkey;  busts  of  Barne- 
ses II,  supposed  to  have  been  the  Pharaoh  of  the  exodas,  and  of  his 
father,  Seti.  Assyria  and  Babylonia  are  represented  by  a  model  of  a 
temple  tower  of  Babylon,  especially  constructed  for  this  Exposition. 
This  temple  tower  was  sitoated  in  the  outskirts  of  the  city  of  Babylon. 
The  model  is  made  after  the  description  of  Uerodotds  and  the  report 
on  the  mins  discovered  by  Sir  Henry  Bawlinson.  There  is  also  a  cast 
of  a  bnge  Assyrian  winged  lion,  11  feet  long  and  11  feet  high,  such  hs 
were  placed  to  guard  the  doorway  of  Assyrian  temples ;  cast  of  the 
Chaldean  account  of  the  dood,  eto.  Palestineaa  archieology  is  reprc- 
seuted  by  casts  of  Moabito  stone,  Siloam  inscription,  and  Temple  stone. 
The  ancient  religion  of  the  Jews  is  represented  by  a  case  contoining 
a  selection  of  the  more  important  objects  of  Jewish  ceremonial.  Still 
another  case  shows  a  collection  of  the  gems  of  I'ulestiue,  with  a  model 
illustrating  the  method  in  which  the  gems  were  placed  in  the  high 
priest's  breastplate.  There  is  also  a  collection  of  coins  struck  in  PnlcH- 
tine,  aa  well  as  those  which  appeared  in  Bible  times  in  cities  mentioned 
in  the  Bible.  In  another  case  is  a  collection  of  mnsical  instrnments  of 
Palestine  and  adjacent  conntries,  which  differ  in  no  wise  fi-om  those  used 
in  ancient  times.  To  these  are  added  a  few  representations  of  musical 
instruments  from  Egyptian  and  Assyrian  monuments.  A  collection  of 
domestic  implements,  such  as  are  mentioned  in  the  Bible,  and  a  relief 
map  of  Palestine  are  also  shown. 

In  this  connection  is  also  exhibited  a  collection  to  illustrate  the 
kiattvy  of  the  Bible  as  a  book  and  to  show  the  important  translations 
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which  have  been  made  of  it.  The  Hebrew  Bible  is  represented  by  ^ 
tions  of  an  Egyptian  manascript  of  the  foarteeDth  oentnry ,  Im 
of  the  Aleppo  Codex,  by  the  first  American  editiou  of  the  Hebm 
Bible  printed  at  Philadelphia  iu  1810;  by  other  weU-known  {viDtaii 
Amst^am,  Antwerp,  and  Hamburg.  TheSeptnagintorOreekvcniN 
is  represented  by  facsimiles  of  the  famoas  Alezandrian  and  Vatiai 
codices.  Following  these  are  copies  of  the  Tu-gom  or  Arameui  Tcniab, 
the  Syriac  versioD,  the  Coptic  version  (represented  by  a  nianiuczipti. 
the  Ethiopic  version,  Gothic  version,  Anglo-Saxon  version,  the  edition 
of  the  Latin  version  or  valgate  of  St.  Jerome,  a  Spaoisb-JevishveniM. 
the  Arabic  version  (represented  by  a  mannscript),  and  the  traoslstuD 
of  Saadta. 

The  New  Testament  in  represented  in  the  Vatican  and  Alexandriv 
codices,  already  mentioned,  as  well  as  in  the  Sinaitic  and  by  the  firs 
American  edition  printed  at  Worcester  in  1800. 

Finally,  there  is  a  most  interesting  and  valuable  work,  consistiDtt' 
a  New  Testament  arranged  in  historical  order  by  clippings  from  tbt 
Latin,  Greek,  French,  and  English  Testaments,  all  arranged  by  Thoou 
Jefferson.  This  book  contAios  a  concordance  of  the  verses  used  u>d  > 
nnmber  of  notes  scattered  throughont,  all  in  Jefferson's  baodwritis;, 
and  is  said  to  have  been  arranged  by  him  for  translation  into  tbe 
Indian  langnages,  so  that  the  Gospels  might  be  presented  to  tlK 
Indians  iu  a  simple  form. 

DEPABTMENT  OF  TBOHNOLOaT. 

Alcove  N  was  occupied  by  objects  designed  to  show  the  more  impor- 
tant stages  of  improvement  through  which  the  appliances  now  in  dm 
for  the  conveyance  of  men  and  goods  from  place  to  place  have  passed 
before  the  present  high  standards  of  mechanical  efficiency  were  attaiiwd. 
These  were  selected  with  tbe  special  pnrpose  of  illnstrating  the  impor- 
tant iudnence  exercised  by  the  South  Atlantic  States  upon  the  eari; 
history  of  internal  improvement  in  America  and  the  inauguration  tt 
trans- Atlantic  commerce  by  steam.  The  theory  apon  which  they  sit 
arranged  is  thus  described  by  Mr.  J.  E.  Watkins: 

Tbe  origin  of  many  of  the  contrivances  now  utilized  by  man  to  fiKt^ 
itaie  individual  movement  or  to  transport  objects  too  heavy  to  be  cat' 
ried  by  man  belongs  to  a  period  so  remote  in  prehistoric  time  thotno 
attempt  to  arrange  aboriginal  water  or  land  vehicles  in  a  definite 
chronological  sequence  has  been  made. 

BoaU  and  nhipg. — Primitive  boats,  snch  as  the  catamaran  and  dngmt 
canoe,  are  placed  at  the  beginning  of  the  series,  which  contains  aimoof 
the  craft  propelled  by  poles  or  oars  the  Ohio  River  flatboat  and  keel  \iaA 
by  the  instrumentality  of  which  the  settlement  of  the  Soutbem  u^ 
Western  States  was  promoted  during  Colonial  and  Revolutionary  time*- 
Among  tbe  sail  ships  are  to  be  found  tbe  Sally  C>y)utant,  from  •whiek  A* 
first  English  settlers  in  the  United  States  landed  at  Jamestown,  Vt.,  in 
1600,  and  the  Mayfioicer,  which  brought  the  Puritans  to  Plymoolli 
Rock  eleven  years  later. 

The  American  tteamboiU. — ^Tbe  fine  rivers  of  America  stimolatedttA 
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ixertiona  of  several  ingenioas  men  living  on  the  Atlantic  seaboard  to 
Aa.pt  the  steam  engine  to  navigation.  Prominent  among  these  pioneers, 
chose  labors  malcegood  America's  claim  to  the  birthplace  or  the  steam- 
mat,  Tras  James  Romsey,  some  of  whose  experiments  upon  the  Potomac 
iiver  were  witnessed  by  General  Washington  as  earty  as  1787.  A  model 
if  Bunasey's  steamboat  of  1T8S  and  of  tbat  made  by  Fitch  about 
.he  sajne  time  are  shown,  together  with  the  model  of  the  first  screw- 
iropelled  steamboat  to  navigate  the  waters  of  any  coantry,  bnilt  by 
Fohn  Stevens  in  1804.  Fulton's  Clermont  of  1807  and  Stevens'  Fkeenir 
>f  1808  are  also  in  the  series  which  contains  a  model  of  the  steamship 
Savannah,  boilt  iu  1818  by  Qeorgia  capitalists,  which  has  the  distinc- 
JOD  of  being  the  first  steamship  to  cross  the  ocean,  sailing  from  Savan- 
lah,  Oa.,  for  Liverpool  on  her  initial  voyage  Saturday,  May  22, 1819. 
Ehe  original  log  book  containing  the  account  of  this  historical  voyage 
is  deposited  in  the  National  Mnsenm. 
Tho  collection  further  embraces  the  following  series : 

1.  Boats  pushed  by  poles  or  propelled  by  paddles  or  oars. 

2.  Sailboats  (driven  entirely  by  the  wind). 

3.  Steamboats, 

The  American  railway. — ^As  the  Soath  Atlantic  States  were  foremost 
in  the  introdnction  of  trans-Atlantic  steam  navigation,  so  were  they 
early  in  the  field  of  railroad  construction.  The  first  railway  line 
lOU  miles  long  built  and  operated  in  the  world  was  the  railroad,  139 
miles  long,  built  by  the  South  Carolina  Bailroad  Oompany  from 
Angnsta,  Oa.,  to  Charleston,  S.  G. ;  and  the  first  steam  locomotive  bailt 
npon  the  Western  Continent  for  actual  service  was  the  Beit  Friend, 
which  was  bnilt  for  that  road  in  1830,  Mid  went  into  service  in  the 
following  year. 

Varionn  forms  of  locomotives  experimented  with  !n  England  and 
America  previous  to  Che  construction  of  the  Beat  Friend  are  iUuBtratfid, 
The  firri  »team  railway  train  in  the  South  Atlantic  States. — The  South 
Carolina  Railway  was  built  npon  plans  which  wonld  now  entitle 
it  to  be  called  an  elevated  railway.  A  model  showing  the  method  of 
track  construction,  upon  which  is  placed  the  first  steam  train  that  ran 
in  the  South  Atlantic  States,  December  14, 1830.  Near  it  are  placed 
models  of  sleeping-car  appliances  bnilt  for  railways  terminating  at 
Kichmond  and  Petersburg,  Ya.,  the  earliest  fonns  of  sleeping  berths 
used  in  American  cars. 

Land  vftkicles. — For  the  purpose  of  this  Exposition  the  land  vehicles 
are  arranged  under  the  following  classifications: 

I.  Land  vehicles  drawn  by  men  or  domestic  animals. 

1.  The  rolling  load. 

2.  Sledges  and  rollers. 

3.  Vehicles  with  solid  (or  nearly  solid)  wheels. 

4.  Vehicles  with  wheels  containing  spokes. 

11.  I^nd  vehicles  propelled  by  natural  or  generated  forces. 

1.  Experimental  sail  cars  and  horse- power  locomotives. 

2.  Experimental  steam  locomotives. 

3.  Experimental  electrical  locomotives. 

Early  electrical  apparattu. — In  no  other  department  of  science  have 
American  investigators,  from  the  very  beginning,  been  so  successful, 
uotonlyin  the  discovery  of  fundamental  truths,  but  also  in  the  prompt 
application  of  the  principles  deduced  therefrom  to  useful  purposes,  as 
■Q  the  domain  of  electricity. 

The  success  of  Franklin's  experiments  in  the  year  1784  in  the  con- 
Btniction  of  what  be  calls  the  "  electrical  wheel ''  is  illustrated,  for  the 
finttime,  in  these  collections  in  the  models  of  the  two  devices  involving 
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tht  mast  i»pan— t  prneiplce  utilized  in  the  modem  motor,  as  deecrfbed 
faj-  FraakliB  n  kis  letter  to  PMer  Ci^iiBton,  Londoo,  dated  that  yev, 
aad  pabti»ted  oa  pafrS^fof  kts  antobiot^phy.  Straogely  enongliM 
pnmtimtatr»  ham  beea  p\Ka  to  tlMM  ancient  electrical  machines  is 
snbseqiimt  sewstifie  writings  rdatiDg  to  the  history  of  electricity. 

In  the  Bodids  and  fhobtffKpta  of  the  apparatus  deaiKned  in  li^  bj 
jMeph  Hevy,  tke  <^st  secretary  of  the  Smithsonian  Institntion,  an 
fiMud  the  iastnuseots  by  which  tbe  electro-magnet  was  for  the  fine 
time  utilized  to  cuuTcy  a  signal  to  a  distance.  In  it  is  embodied  tb« 
principle  opoa  which  the  modem  electrical  telegraph  is  based.  The 
first  instrainent  to  make  a  permanent  record  of  words  transmitted  ov«t 
a  wise  by  tbe  agency  of  electro-magnet  was  designed  and  oonstincted 
by  tiamoielF.B.  Morse  in  1837.  A  model — an  esact  reprodnction  of  the 
wiginal  machine,  too  precions  to  risk  removal — which  is  now  in  the 
eo^ody  of  tbe  Western  Union  Tel^raph  Company,  bas  been  obtained 
tfaroogb  tbe  eoorteey  of  the  president  of  that  company. 

Actively  associated  with  M<««e  from  the  date  of  his  earlier  experi- 
ments was  Alfred  Tail,  a  man  of  great  ingenqlty  and  rare  mechanical 
ability. 

The  original  telegraphic  instmment  by  which  the  historic  message, 
"What  hath  God  wronghtT"  was  received  at  Baltimore  May  24, 1844, 
and  constmcted  nnder  the  direction  of  Vail.  It  isone  of  the  valaabk 
treasar»t  deposited  in  the  United  States  Kational  Hoaenm,  the  removal 
of  which  being  prohibited  on  the  ground  of  safety,  is  illustrated  hya 
model  of  fall  size. 

LimitationR  of  simce,  nnfortnnately,  prevent  a  more  extended  exhitHt 
of  apparatns  connected  with  the  origin  of  the  telephone,  the  dynamo, 
and  the  application  of  the  electrical  current  for  producing  light  and  the 
transmission  of  power. 

P<dlowing  is  a  brief  outline  of  the  apparatus  exhibited : 

III.  Early  electrical  apparatus  (models  only  exhibited). 

1.  ApparatuB  designed  by  Benjamin  Frauklin. 

2.  Apparatus  designed  by  Joseph  Henry. 

3.  Telegraphic  apparatus  invented  by  Morse  and  Vail. 

In  the  same  alcove  were  shown  the  contrlbutious  of  the  Deitartroeot 
of  History  and  Numismatics.  These  consisted  of  n  series  of  coins  and 
medals,  as  follows: 

(a)  Principal  coins  occurring  in  the  North  American  Oolonies  fron 
irt'J't  to  the  establishment  of  the  United  States  Hint,  in  1793. 

(b)  Uedala  commemorative  of  the  Revolutionary  war. 

Among  the  most  interesting  coins  are  the  "oak  tree"  shillings,  1652, 
and  the  "Mark  Newby"  penny,  the  "rosa  Americana"  penny,  the  Con- 
tinental dollar,  of  the  coins  issued  by  the  Colonies  before  the  Kevolution. 
Here  also  are  shown  threecoloredsketchesof  birdsbyJohn  J.  Andoboo, 
the  moat  famous  painter  of  birds  who  ever  lived,  who  was  bom  near 
New  Orleans  in  1781. 

BITBKAU   OP  AMERICAN  ETHNOLOOT. 

The  exhibit  -'"  **"■  ^Teau  of  American  Ethnology  occapied  Alcove  O, 
was  prepar*  -Uroction  of  Prof.  W,  ,T.  McGee,  who  describee 

it  as  follow! 

This  exh  bree  representative  Indian  tribes  of  North 

America,  vi  itgo,  and  Seri.    The  Cherokee  Indians  rep- 

resent a  lai  t  Iroquoian  family  or  stock;  the  Papago 
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tnbe  forms  tbe  leading  branch  of  tbe  Pimnn  stock;  vbile  tbe  Seri 
Indians  are  tbe  sole  represenCatives  of  their  family.  It  has  been 
tliotight  better  to  make  moderately  fall  exhibits  of  a  limited  nnmberof 
trribes  than  to  illnntrate  a  large  number  of  tribes  incompletely.  The 
Olierokee  tribe  was  selected  for  representation  because  of  its  local 
interest;  the  others  becanse  they  were  little  known  and  the  collections 
are  (juite  knew. 

The  Cherokee  Indians  were  the  aboriginal  owners  of  the  pine-clald 
liills  and  fertile  valleys  of  what  is  now  northern  Georgia,  the  western 
Oai'olinas,  eastern  Tennessee,  and  a  part  of  Virginia.  They  were  tbe 
first  occupants  of  the  site  of  Atlanta.  They  lingered  long  in  their  old 
linntin^  gronnds,  and  while  most  of  the  tribes  have  disappeare<l  from 
the  'Woodlands  and  mountains,  a  few  remain  in  the  Eastern  Cherokee 
reservation  in  Swain  County,  N.  C,  within  loU  miles  of  Atlanta.  The 
collections  illnstrating  tlie  Cherokee  Indians  comprises  pottery  and 
basketry,  largely  of  primitive  types — the  aboriginal  bow  and  arrow, 
witli  the  singular  blowgun,  which  attracted  much  interest  among  the 
earliest  white  explorers;  the  eagle-feathered  masks  and  tortoise-shell 
rattles,  and  other  paraphernalia  of  the  primitive  ceremonials;  stone 
implements  and  pipes,  pottery-making  tools  and  domestic  utensils, 
articles  of  costume  and  personal  adornment,  fishing  spears,  etc.  The 
collection  was  rawle  within  a  few  years  by  an  expert  familiar  with 
Inclians'  castomH,  who  was  enabled  to  obtain  tbe  most  ancient  and 
sacred,  aa  well  as  the  modem,  possessions  of  the  Indians.  While  many 
of  the  articles  are  accaltnral  (or  affected  by  the  inDuenoe  of  the  higher 
racse),  many  illnstrate  fairly  the  aboriginal  ideas  of  the  Indians  of  south- 
eastern United  States.  The  collection  fills  one  wall  case,  with  the 
larger  articles  arranged  above  it. 

The  Papago  Indians  are  a  tribe  of  the  desert.  They  occupy  the  hot 
and  dry  Papagueria  (the  most  arid  region  of  equal  extent  in  North 
America),  lying  south  of  the  Gila  Biver  and  west  of  the  Sierra  Madre 
Mountains  in  Arizona  and  Sonora  (Mexico).  Their  mode  of  life  is  the 
blending  of  tbe  nomadic  and  agricultnral.  They  establish  settlentente 
bj*  springs  and  water  holes,  and,  while  the  ground  is  moist  from  one  of 
tbe  rare  storms,  they  plant  maize,  melons,  and  beans,  which  quickly 
niatnre;  and  when  the  spring  fails,  or  the  water  hole  dries  up,  the 
raucheria  is  abandoned,  and  the  people  scatter  in  search  of  other 
sources  of  water.  In  automn  they  collect  the  fruits  of  different  spe4^)es 
of  cactns,  mesqnite  benns,  ete..  and  in  winter  they  migrate  to  the 
mountains  of  Mexico,  where  they  live  by  hunting.  Although  discov- 
ered and  highly  esteemed  by  the  early  Spanish  explorers  and  mission- 
aries, the  Papago  Indians  are  little  known  outside  of  theirown  territory. 
The  collection  exhibited  is  the  first  one  of  note,  both  as  to  articles 
and  photographs,  ever  brought  to  eastern  United  States.  It  embraces 
pottery  and  water-tight  basketry,  in  the  making  of  which  these  Indians 
excel ;  the  crude  plow,  akin  to  that  of  ancient  f-gypt,  and  tlie  still  more 
primitive  spade  or  digging  stick;  games  of  divination  and  diversion; 
mnsical  instruments;  bows  and  arrows,  which  are  still  in  limited  use, 
with  some  of  the  stone  implements  used  by  ancestral  tribes  iu  the 
same  region;  rope-making  material  and  apparatus;  domestic  utensils, 
costumes,  and  the  like.  The  collection  is  arranged  in  three  wall  cases, 
ODe  of  which  is  allotted  to  tbe  ]>ecnliaT  articles  made  chieliy  of  the 
agave.  These  ioolnde  tbe  mat  used  for  bedding,  basketry,  the  oradle, 
ete.  In  addition  there  is  a  large  floor  case  showing  life-size  models  of 
Papago  women  engaged  in  pottery  making,  with  examples  of  the  pot- 
tery made  by  the  tribe ;  and  the  peculiar  carrying  basket  and  co-stunes 
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introdaced  were  those  fonnd  in  actaal  ase  amoDg  th«  Indiuis  lirt 
aatuiDD.  Many  of  tbe  f^oles  are  accnltaral,  since  the  Papogo  IndiaBe 
bare  bcMToved  from  the  white  men  each  arts  as  seemed  good  in  tbor 
sight;  but  a  part  (inclnding  the  pottery  and  basketry)  are  primitive, 
aud  some  r^resent  perfectly  tbe  aboriginal  condition  of  the  tribr. 
among  these  being  the  fomily  and  other  fetiches  still  in  constajit  n$» 
among  the  Papago  Indtaas.  Two  additional  floor  caeee  otHitain  noci^ 
of  the  Papa)^  habitations,  which  are  commonly  bnilt  of  s  pecaliaz 
grass  over  a  framework  of  mesqoite  poles,  morerarely  of  adobe. 

The  Seri  Indians  occapy  Tibaron  Islnnd,  in  the  Gulf  of  CiUiftaan. 
and  a  considerable  area  of  the  adjacent  mainland  of  Sonera,  Hexioa. 
They  are  probably  the  most  primitive  Indians  rematningf  ie  North 
America.  They  are  without  agriculture,  and  have  no  domestic  i"T'"^« 
except  dogs.  Their  food  is  fish  and  waterfowl  irom  tbe  sea,  utd  gaae 
from  tbe  land,  commonly  eaten  raw,  with  tbe  fraits  of  cacti,  mesqnitc 
beans,  berries,  acorns,  etc.,  in  season.  Tbey  have  been  at  war  with 
the  neighboring  tribes  and  with  whites  for  three  and  a  half  centmiee. 
and  lose  no  opportunity  to  rob  by  night,  or  to  murder  by  tuDbosb  vt 
strategy.  By  reason  of  their  warlike  and  treacherous  character  tlie 
Seri  Indians  are  little  known  to  ethnologists.  The  articles  and  photo- 
graphs exhibited  are  believed  to  be  the  first  ever  obtained  among  then. 
The  collection  comprises  tbe  bow  and  arrow  (the  latter,  according  to 
the  testimony  of  Mexicans  and  Indians  themselves,  being  poisoned), 
robes  of  pelican  skin  which  take  the  place  of  blankets,  face-painting 
material  and  utensils,  basketry,  and  their  ]>€cnliar  pottery,  as  well  u 
their  exceedingly  meager  series  of  implements  and  ntensils;  the  00)- 
lection  being  complete  except  for  the  rude  water  craft  and  fishing  netE, 
whicb  it  was  fonnd  impracticable  to  obtain.  The  exhibit  occupies  two 
wall  cases,  with  a  nnmber  of  articles  arranged  above  them.  It  inclodes 
also  a  door  case  containing  a  life-size  model  of  a  Seri  hanter,  armed 
with  bow  and  quiver  with  arrows.  The  Seri  Indians  are  notable  for 
tall  statnre,  robostness  of  chest,  slendeniess  of  arms  and  legs,  and  dark 
color  of  the  skin.    Tbey  are  remarkably  fleet  of  fooL 

The  exhibit  includes  twelve  transparencies  (photographs  on  glass). 
six  representing  the  Papago  Indians  with  their  hoases,  occapation& 
costumes,  etc.,  while  six  represent  the  Seri  Indians  with  the  flimsy 
wickiaps  nsed  on  the  mainland.  Their  seaside  houses,  consisting  of 
turtle  shell  elevated  on  rocks  or  poles,  have  never  been  photographed. 

DKPABTMBNT  OP  ETHNOLOOY. 

At  the  north  end  of  the  long  aisle  (Alcoves  P  and  Q)  and  adjoining 
the  eastern  portal  was  the  exhibit  of  the  Department  of  Gtbnology. 
This  space  is  adjacent  to  the  eastern  entrance,  and  is  actually  one  of 
the  entrances  to  the  Smithsonian  space.  On  either  sideof  thearohway 
were  shown  gronps  of  Indian  figures,  clothed  in  their  native  cftstomee, 
and  engaged  in  their  customary  occnpations.  Especially  consptcnoos 
was  the  Sionx  cbieflain,  in  iUIl  war  paint,  moiuited  on  his  gaily  housed 
pony,  and  with  feather  headdress  sweeping  to  the  ground,  while  facing 
him  was  a  gronp  of  Kiowa  Indians  engaged  in  moving  their  habitation, 
some  mounted  upon  a  horse,  and  other  carried  behind  it  by  means  of 
nrimitive  appliances  known  as  the  "travois."    Beneath  there  was  a 

oup  of  Kiowa  children,  another  of  Kav^o  women  weaving  blankets, 
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90  a  Grow  warrior  pwDting  his  blanket,  and  a  Uhippeway  writing  an 
scnription  on  a  tablet  of  birch  bark.  .Ajiother  very  atrikiog  gronp  of 
i-ven  flgnres  represented  a  religions  ceremony  prficticed  by  the  Indians 
'  X*rince  Bnpert's  Soond.  The  principal  flgore  is  an  Indian  who  is 
srsonating  a  cannibal,  and  who  is  abont  to  leap  into  the  honse  throngh 
cir-calar  door.  Two  men  are  holding  him  back,  while  four  musicians 
I  A-ont  are  plajring  upon  their  mde  instmments.  The  remainder  of 
Qis  space  is  occnpied  by  an  exhibit  prepared  at  the  express  desire  of 
tie  ladies  in  charge  of  the  Woman's  Building,  showing  the  arts  which 
j-e  practiced  by  women  among  primitive  peoples,  especially  in  North 
America.  This  collection  includes  implements  for  basket  making,  pot- 
:ery,  weaving,  beadwork,  sewing,  agrtcnltaral  implements,  and  appli- 
tnoes  for  harden  bearing.  These  are  all  fnlly  named  and  explained 
apon  the  labels.  The  theory  which  has  guided  Prof.  O.  T.  Mason  in 
tbe  selection  of  this  series  is  explained  by  him  as  follows: 

The  object  of  this  exhibit  is  to  show  the  share  that  women  have  had 
in  the  industrial  progress  of  the  world. 

In  tbat  continual  struggle  called  Progress  or  Caltnre  men  have  played 
the  militant  part,  women  the  industrial  part.  A  study  of  modern  sav- 
agery is  a  guide  to  the  activities  of  our  own  race  in  primitive  times, 
aud  this  teaches  ns  that  women  were  always  the  first  boase  builders 
and  furnishers,  and  that  they  devised  the  utensils  of  the  hnmble  apart- 
ments. They  were  the  first  clothiers,  whether  in  skins  at  the  north  or 
in  vegetable  fiber  nearer  the  equator.  It  was  the  women  who  went 
first  to  the  field  with  baskets  that  they  themselves  had  fabricated.  They 
gathered  the  seeds  of  plants,  bore  them  home  on  their  bac^s,  ground 
tbem  in  rude  mortars,  and  from  the  flour  made  their  mush  or  doagh. 
They  invented  all  sorts  of  fireplaces  and  ovens,  pottery,  and  cooking 
ntenBils,  and  the  many  things  employed  in  the  serving  and  consuming 
of  food. 

In  early  society  women  were  literally  the  first  beasts  of  burden,  and 
it  was  they  that  devised  all  sorts  of  frames  for  the  carrying  of  children, 
and  bands  and  baskets  for  carrying  loads. 

Both  men  and  women  in  savagery  are  touched  with  the  sense  of 
beauty,  the  former  in  the  adornment  of  the  person,  the  weapon,  and 
the  cauoe,  the  latter  in  the  technique  of  basketry,  weaving,  embroidery, 
and  pottery. 

In  a  small  space  it  was  designed  to  bring  together  a  few  examples 
of  primitive  woman's  work  in  order  to  show  the  paths  along  which  the 
sex  has  traveled  in  time  past.  The  bead  work,  the  embroidery,  the  per- 
sonal ornament,  the  blankets,  mats,  belts,  and  looms,  the  atensils  con- 
nected with  food  the  conveniences  of  housewifery,  the  bark  cloth,  the 
delicate  handwork  in  palm  leaf,  the  i>ott«ry,  the  exquisite  shin  dressing, 
and  implements  of  Americans,  Africans,  and  Polynesians  were  silent 
vituesses  of  the  genins,  patience,  and  skill  of  women  in  savagery. 

It  is  hoped  that  many  thousand  of  those  who  for  the  first  time  viewed 
a  portion  of  the  collections  of  the  National  Mnneum  at  the  Atlanta 
Exposition  will  hereafter  have  the  opportunity  of  seeing  the  Museum 
io  its  entirety  in  Washington. 
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UKMOBIAL  OP  DK.  JOSEPH  H.  TOXEB. 


By  A£f8W0BTH  R.  Spopford. 


Among  tbe  maaj  familiar  faces  which  «e  have  been  wont  to  see 
gathered  iu  the  scieutiAc,  literary,  and  professional  assemblies  of 
A'asbiogtou,  there  hat>  been  do  more  striking  or  familiar  presence  tlian 
>bat  of  Dr.  Joseph  H.  Toner.  Cast  physically  in  a  frame  of  ample 
uold,  with  broad,  full  features,  and  a  massive  bald  bead,  his  mobile 
;:oQntenance  ever  ready  to  relax  into  a  smile,  he  was  a  man  of  marked 
and  engaging  and  impressive  personality. 

Ill  attempting  to  sammuize,  however  briefly  and  imperfectly,  some 
estimate  of  oar  late  associate,  of  bis  mental  characteristics,  and  of  the 
work  which  be  has  done  in  the  world,  we  may  view  biro  in  various 
aspects.  We  may  consider  him,  first  of  all,  as  a  student  and  investi- 
gator. He  bad  from  very  early  years  a  notable  zeal  for  knowledge, 
and  this,  tiDlike  the  experience  of  many  men  who  beivme  absorbed  in 
professional  rontiue,  may  be  said  to  have  grown  with  him  through  life. 
Bom  in  1825  of  good  old  Pennsylvania  fanner's  stock,  the  slender 
intellectual  advantages  of  his  boyhood  were  supplemented  by  a  course 
of  one  year  at  the  Western  Pennsylvania  University  and  two  years  at 
St.  Mary's  College,  in  Maryland.  Choosing  the  medical  profession  for 
a  career,  he  spent  two  years  at  two  medical  colleges,  one  in  Vermont 
and  the  other,  Jefferson  Medical  College,  at  Philadetphii],  taking  liis 
degree  of  doctor  of  medicine  from  ea^-h.  These  studious  years  gave 
bim  a  considerable  knowledge  of  medical  and  hygienic  literature,  and 
after  a  brief  residence  at  Harpers  Ferry  in  the  practice  of  his  pro- 
fesaion,  he  removed  to  Washington  for  a  wider  fleld  in  the  year  1855. 
Here  he  at  once  entered  upon  a  practice  which  became  extensive  in  a 
very  few  years.  Bat  bis  habits  of  mind  gave  him  so  strong  a  bent 
toward  scientific,  historical,  and  literary  pursuits  that  he  almost  wholly 
retinqaished  the  active  practice  of  his  profession  during  tbe  later  years 
of  his  life,  prescribing  only  for  the  families  of  a  few  friends. 

Dr.  Toner  had  some  admirable  qualities  iu  matters  of  research.  His 
perceptive  faculties  were  quick,  hia  grasp  of  principles  firm,  and  bis 
demotion  to  truth  was  paramonnt.  He  weighed  evidence  and  antliori- 
tieawith  care,  and  was  often  known  to  change  his  judgment  formed  on 
Brgt  impressions  apon  maturer  investigation.    At  the  same  time,  he 
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li>d  Oat  Bbmug  tendency  to  baild  np  theoriea  which  is  comnm  t* 
fertile  "■''»H«,  and  liad  to  abaQdon  many  which  expenenoe  and  obacn^ 
tioD  &0«d  to  sabstaatiate.  Perhaps  the  leading  characteristic  oCka 
parmitorsdentifiesabjects  was  asudnity  rather  than  originality.  He 
puisoed  erery  subject  which  interested  him,  espedally  in  ]a.ier  jaa. 
with  as  energy  which  songht  oat  all  the  means  of  olncidation  «itkti 
bis  reach,  and  he  was  not  satisfied  nntil  he  had  seen  and  weighed  «hit- 
ever  there  mi^t  be  in  books  and  periodicals  apou  the  topic  in  haiti 

We  may  view  him  next  as  a  writo',  and  bis  coDtaributions  to'th«  prw 
were  oeither  few  nor  smalL  His  first  little  book,  "  Maternal  InatiiKt,' 
printed  in  1864,  at  Baltimore,  was  a  sarioas  discossioii  of  the  fditetioDi 
and  the  datiee  of  motherhood,  and  evinced  his  earnest  bent  tovird 
practical  views  of  life.  His  second  book,  a  "  Dictionary  of  Elentiou 
and  Clinjatic  Begister  of  the  United  States,"  pnblished  at  'Waebmpm 
in  1874,  was  more  importaoL  It  was  the  first  attempt,  so  far  as  knovL 
U>  pat  before  Uie  pablic  in  btrak  form  and  in  alphabetical  orda  tit 
heights  above  sea  level  of  all  cities,  towns,  and  moontains  which  coaU 
be  ascertained.  These  were  scattered  throagh  very  nameroos  aosnei 
of  Infonnatton,  in  periodicals,  Government  reports,  etc.,  and  to  gttta 
them  together  involved  protracted  and  patient  labor,  Ibr  which  Or. 
Toner's  assidoous  zeal  in  porsnit  of  a  cherished  object  well  qulibd 
him.  The  book,  as  pablisbed,  is  open  to  tbe  drawback  that  tie  nait 
has  to  consalt  two  alphabets  instead  of  one,  and  this  was  caneedbftbt 
material  growing  apon  him  after  he  had  printed  off  a  large  portion  (^ 
the  work,  which  forms  the  first  alphabet.  This  may  be  regardedutf 
object  lesson  to  authors  and  compilers  not  to  be  too  hasty  in  goiaft" 
press,  observing  the  Horatian  rale  of  a  nine  years'  iucabation  tatlw 
than  to  bring  oat  an  immature  prodaction,  ever  mindfal  of  the  Somiii 
maxim,  "Litera  scripta  manet."  8til1,it  is  most  creditable  to  thesabjMt 
of  onr  notice  to  have  been  the  pioneer  in  a  field  of  scientific  reaeuA 
which  has  had  many  more  recent  pablications,  under  the  anspicMof 
various  bareaus  of  the  Government  connected  with  military,  geologist 
and  geodetic  surveys. 

In  the  field  of  medical  and  hygienic  literature  Dr.  Toner  pablisltri, 
in  1874,  *'  ContributioQS  to  the  Annals  of  Medical  Progress  and  Mediol 
Education  in  tLe  United  States,"  which  was  brought  oat  bf  ^ 
Bnreau  of  Education.  Shortly  after  appeared  bis  "Address  before  (to 
Becky  Mountain  Medical  Association,"  afterwards  expanded  iutoAiw 
nme  (Washingt4>u,  1877),  and  abounding  in  historical  and  bi(%n{ii>''*' 
material  concerning  early  American  physicians  and  surgeons.  Be  nf 
early  made  it  a  special  object  to  collect  from  the  most  widely  scstteiw 
SOP  information  existing  relating  to  the  men  of  bis  proftsffiW 

dr  'xl  of  the  American  Revolution.    It  was  this  putw'i 

oo  '  years'  labor,  which  first  gave  him  that  strong  M' 

tp  aud  especially  biographical,  iuvestigatioos,  *'>''^ 

flE  >arly  all  of  his  time  and  energies.    To  gatlia^ 
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[natorial  he  weut  lalwrioDSlf  throagh  the  nine  folio  volomes  of  Force'd 
Ajnerican  Arcbives,  all  the  histories  of  the  Bevolntionary  period,  mili- 
tary jonmals,  and  personal  memoirs,  and  medical  and  periodical  publi- 
cations ^thout  number.  The  result  was  seen  iu  his  volume  entitled 
''  The  Medical  Men  of  the  Bevolation,"  contaiaiDg  sketches  of  the  lives 
taxA  Bervices  of  nearly  twelve  hundred  phyaicians  and  surgeons,  an 
iiivalnable  compilation,  vhich  is  bighly  regarded  by  the  profession. 
He  also  wrote  a  "  Necrology  of  the  Physicians  of  the  Late  War,"  and 
"  Statistics  of  the  Public  Health  Associations  of  the  United  States." 

Dr.  Toner  at  one  time  made  a  special  study  of  epidemics,  collecting 
every  book  and  pamphlet  on  whicb  he  could  lay  bauds,  and  he  pub- 
lished the  results  of  his  studies  in  several  pamphletn  on  cholera,  small- 
pox, infMmlation,  vaccination,  and  yellow  fever.  One  of  his  contriba- 
tiouB  to  hygienic  literatare  was  "Free  parks  and  camping  grounds  iu 
summer  for  the  children  of  the  poor  in  large  cities,"  a  pamphlet  twice 
printed,  which  urges  in  forcible  style  the  merits  of  that  charity  which 
has  organized  the  "  fresh-air  Aiqds"  iu  so  many  cities,  and  which  consti- 
tutes one  of  the  best  and  most  useful  forms  of  practical  beneflceuce. 
One  of  bis  incidental  coutribntions  to  history  was  '*  Notes  on  the  burn- 
ing of  theaters  and  public  halls,"  (1876),  occasioned  doubtless  by  the 
burning  of  tbe  National  Theater  iu  this  city.  This  publication  em- 
bodies a  long  and  melancholy  chronicle  of  the  conflagration  of  buildings 
devoted  to  public  assemblies,  so  often  fatal  to  human  life,  enforcing  the 
lesson  whicb  is  never  learned,  that  the  sole  safety  of  the  community 
lies  in  building  public  edifices  fireproof  in  every  part 

In  tbe  later  years  of  his  life  the  zeal  and  energy  of  Dr.  Toner's  active 
mind  were  largely  concentrated  upon  one  subject — the  writings  and  the 
military  and  civil  career  of  Qeorge  Washington.  To  this  he  devoted 
money  and  time  almost  literally  without  stint.  The  friiits  of  his  Wasb- 
iugtonian  researches,  which  have  been  embodied  in  permanent  form, 
comprise  more  than  a  dozen  books  and  pamphlets,  besides  numerous 
uticles  in  historical  and  literary  magazines  and  in  newspapers.  Among 
the  latter  were  "  Wills  of  the  American  ancestors  of  George  Washing- 
toD,"  in  the  New  England  Genealogical  Kegister  (1891);  "George 
Washington  asan  inventor  and  promoter  of  the  useful  arts,"  published  in 
the  memorial  volume  of  the  Centenary  Celebration  of  the  Patent  System 
in  the  United  States  in  1891;  "Washington's  neighbors;"  "The  home  of 
Washington;"  "Excerpts  from  the  account  books  of  George  Washing- 
ton;" Washington's  youth  and  early  career;"  "Kithaud  kin  of  Wash- 
ington," and  "Some  account  of  George  WasbiDgton's  library  and  manu- 
script records,  and  their  dispersion  from  Mount  Vernon,"  fttsued  by  the 
American  Historical  Association  as  a  part  of  its  annual  papers  for  1893. 
The  latter  fhmishefl  the  only  systematic  account  ever  published  of  the 
remarkable  history  of  the  Washington  manuscripts,  widely  scattered 
sstlieyare,  and  it  is  of  permanent  value.  Besides  his  own  contributions 
illostrative  of  the  personal  and  public  history  of  Washington,  his  char- 
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acter,  babita,  social  and  domestic  relations,  etc,  Dr.  Toner  edited  sm] 
pablislied  no  less  tlian  five  of  WashiD^n's  original  joomals  aud  otke 
writinga.  Tbese  inclade  Wasliington's  "Butes  of  civilttf  and  decat 
beliavior  in  company  and  coaversation"  (1888);  "Jonmal  of  George 
Waslitugtou'a  journey  over  the  moantains,  beyond  the  Bloe  BIdge.  is 
1847-18"  (1892);  "The  daily  jonrnal  of  M^.  George  Waehingtoo  on  a 
tonr  from  Ttrginia  to  the  island  of  Barbadoes  in  1751-2"  (1892) ;  "Joonial 
of  Col.  George  Washington,  across  the  Alleghany  Honntaius  in  1734' 
(1893),  and  "  Diary  of  Colonel  Washington  for  Augnst,  September,  and 
October,  1774"  (1893).  All  of  these  were  accompanied  by  copious  noUe 
elucidating  the  text,  describing  the  topography  of  the  regions  traversed 
by  Waahiugtou  in  his  various  expeditions,  identifying  the  various  per- 
sons  referred  to  in  the  narrative,  and  snpplying  references  to  books  and 
authorities  bearing  upon  any  of  the  incidents  involved.  In  some  caan 
these  notes  far  exceed  the  text  in  volnme,  and  they  are  invaluable  aids 
to  the  historical  inquirer.  In  the  case  of  the  Barbadoes  journal.  Dr. 
Touer  went  tbroogb  all  the  literature  to  be  found  relating  to  that  islasd, 
giving  lists  of  the  settlersand  describingthe  persons  and  places  visited 
by  the  youthful  Washingtou  (then  20  years  of  age)  so  far  as  p06sib)& 

We  may  now  consider  the  subject  of  our  sketoh  as  a  collector  of 
books  and  of  historical  material.  The  passion  of  collecting,  so  oonunm 
among  men  of  literary  tastes  and  habits  of  research,  bnt  which  is  w 
seldom  carried  to  the  utilization  of  thdr  stores  by  the  collectors,  vu, 
in  the  case  of  Dr.  Toner,  very  early  developed  after  he  came  to  Wash- 
ingtou. He  was  for  forty  years  a  familiar  flgnre  in  nearly  all  the  book- 
stores, book  auctions,  and  junk  shops  of  this  and  of  some  other  dtitt, 
and  though  reputed  a  close  buyer,  he  expended  largely  in  amaaeiiig 
medical,  historical,  and  biographical  literature.  While  his  specialty 
at  first  was  medical  science,  it  soon  became  enhu^ed  to  embrace  lotal 
history  iu  general  and  what  related  to  the  city  of  Washington  and  tbe 
District  of  Columbia  in  particular.  He  came  to  be  welt  known  as  an 
authority  widely  consulted  upon  matters  relating  to  the  national  capital 

The  writer  well  remembers  the  zeal  aud  eagerness  of  the  Doctor,  oo 
our  first  acquaintance  in  1862,  to  avail  himself  of  whatever  his  friaid 
could  contribute  to  his  information  respecting  the  authors,  editions,  and 
prices  of  books.  From  that  time  on,  the  ample  mansiou  on  Looisiua 
avenue  was  the  constant  recipien  t  of  ever  ftash  stores  of  books,  pampk- 
lote,  and  periodicals.  In  the  pursuit  of  his  special  object,  the  biogr^ikj 
of  early  American  physicians  up  to  the  Bevolntion,  be  was  gradaallf 
led  to  amass  material  which  ultimately  developed  into  a  for  wider  field, 
namely,  first,  the  personal  history  of  all  American  physicians,  and, 
secondly,  the  biography  of  all  Americans  inclusively.  He  carried  oat 
the  idea  of  collecting  tbese  materials  to  a  much  fart.ber  point  than  is 
cnstomary  even  among  the  most  assiduous  collectors.  His  aim  included 
the  '■  —•''■■■*■••''  of  a  neglected  field.  Leaving  to  larger  library  oollectiou 
■I  'rses  the  amassing  of  a  great  library  of  biographies,  be 


Dcinz.SDv  Google 


MEMORIAL  OP  DB.  JOaEPH  H.   TONEB.  641 

let  to  work  to  gatber  up  tbe  obscure  and  forgotten  facts,  the  disjecta 
nembra  of  his  subject.  With  thiH  aim  he,  for  several  years,  had  all 
he  exchanges  of  the  newspaper  oSBces  searched  for  obituary  notices 
tppearing  from  day  to  day,  cut  up  the  contents  of  biographical  dic- 
ionaries  and  directories  of  Congress,  and  rausacked  all  periodicals  for 
iiogrdphical  sketches.  The  immense  mass  of  material  thas  gathered  he 
lad  Dioanted  upon  uniform  sheets  of  paper  and  arranged  in  strict  alpha- 
betical order,  thus  embodying  for  the  readiest  reference  a  great  mass  of 
'ugitive  biographical  data  quite  inaccessible  to  tbe  ordinary  inquirer. 
This  valuable  index,  arranged  in  two  extensive  cases  of  drawers,  forms 
t  part  of  the  Toner  collection  in  the  Congressional  Library. 

In  like  manner  the  Doctor  made  another  collection  of  obitaaries  and 
biographical  sketches  of  all  American  physicians  commemorated  in 
|)eriodicals. 

Bnt  the  specially  cherished  design,  very  nearly  fulfilled,  of  the  lat 
ter  years  of  his  life  was  the  collection  of  an  absolutely  couiplet« 
iissemblage  of  all  the  letters  and  other  writings,  printed  and  mann- 
script,  of  George  Washington.  Dr.  Toner  had  an  idea  that  everything 
which  Washington  wrote  was  valuable,  or  would  become  so,  to  his 
couDtrymen.  He  found  that  the  printed  collections  of  Washington's 
writings  by  Sparks  and  others,  who  permitted  themselves  to  amend 
tbe  grammar,  the  style,  and  the  orthography  of  their  illuHtrious  sub- 
ject, are  quite  antmstworthy  as  transcripts  of  what  be  really  wrote. 
So  he  had  strictly  verbatim  copies  made  of  every  paper  in  the  vast 
collection  of  tbe  Department  of  State,  and  followed  it  up  by  securing 
exact  copies  of  every  original  Washington  letter  fonnd  in  historical 
societies  and  library  collections,  public  and  private,  tbroaghouC  this 
country  and  in  Europe,  Where  no  access  to  an  origiual  could  be  had, 
he  procured  aud  mounted  printed  copies,  ransacking  all  American 
books,  )>eriodical8  aud  newspapers  he  could  find,  and  watching  every 
print  of  a  Washington  letter,  to  seize  it  for  his  collection,  if  not  already 
there.  This  great  thesaarns  of  Washingtoniana.  much  tbe  fullest  yet 
gathered  in  any  one  collection,  he  arranged  in  strict  chronological  order 
of  the  papers,  and  deposited  it  in  his  lifetime  in  the  Congressional 
Library.  Thus  was  performed  a  most  useful  and  inestimable  service 
to  the  historical  student. 

We  may  next  view  our  associate  as  a  patron  of  letters  and  a  public 
benefactor.  He  founded  and  endowed  in  1873  a  course  of  public  Ico- 
tares,  designed  to  encourage  the  discovery  of  new  truths  for  the 
ndvnncement  of  medical  science.  He  conveyed  about  $3,000  in  real 
anil  personal  property  to  five  trustees,  consisting  of  tbe  Secretary  of 
the  Smithsonian  Institution,  the  Surgeon- General  of  the  United  States 
Anny,  the  Surgeon-General  of  the  Xavy,  tbe  president  of  the  Meilical 
Society  of  the  District  of  Columbia,  instituting  thereby  "Tbe  Toner 
lecture  ftand."  Ninety  per  cent  of  the  interest  of  the  fbnd  was  to  be 
applied  for  at  least  two  annual  memoirs  or  essays  by  different  indi- 
BU  96 41 
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vHluals  rdatire  to  some  brmach  of  medical  science,  tn  l>e  read  intk 
city  o(  Wuhinetoii.  under  the  name  of  '<The  Toner  lectnres.''  aA 
<rf  tbeM  memmn*  or  lecnires  to  contain  some  new  tmth  folly  esUk 
lisbed  by  rxperuDeot  or  obeerration^ 

As  these  lectures  were  intended  to  increase  and  diffiiae  knowled?. 
wreral  of  them  were  accepteil  for  pablication  in  the  SmitbGonai 
Miiicellaoeoas  CoUei'tions.  The  first  of  the  course  was  by  Dr.  J.  •>. 
Woodward,  *'On  the  etmctnre  of  cancerous  tomors,"  and  was  {trioUii 
in  1873.  Nine  other  lectares,  by  Dr.  C.  E.  Brown -Seqaard,  Dr.  J.M. 
l>a  t'oHta,  Dr.  W.  Adams,  Dr.  E.  O.  Shakespeare,  Dr.  G.  E.  \Varing.jr- 
I>r.  ('.  K.  Millti.  and  Dr.  Barrison  Allen,  have  since  been  pabh'sbed  by 
tlie  Institution,  the  last  having  airpeared  in  1890.  The  ori|noi>'  fuod,"^ 
which  ODe-teiith  of  tbe  anunal  interest  was  to  l>e  adde«l  to  the  prindiMl 
and  the  residae  devoted  U>  an  honorarium  for  the  lectiirerK,  has  grovn 
to  oTcr  $5,000  by  carefnl  iDTestment.  It  affords  a  pmctical  e.taiD|i1f 
of  a  wise  method  of  endowment  by  which  even  a  small  sum  mij  It 
made  to  yield  instrnt'tion  to  large  audiences  for  a  series  of  years. 

Dr.  Toner  gave  a  K"ld  medal  for  three  years  to  proficient  student*  ii 
.lefitersoii  College,  and  a  similar  medal  for  many  years  pact,  known  af 
the  Tuner  medal,  has  been  awarded  at  Georgetown  University,  for  tin- 
best  essiiy  u]H>n  some  tO])ic  in  natural  science. 

His  most  notable  public  benefaction,  however,  was  his  gift  in  1^ 
of  his  entire  private  library  to  the  (jovernmeiit,  the  first,  and  lUus  lii' 
the  sole  instance  of  any  cunsiderable  collet^tion  being  tims  besto***' 
by  any  priviite  citizen.  The  gilt,  comprising  about  27,000  volumes- 
medical,  liistorii-al,  and  miscellaneons— besides  a  multitude  of  paii 
plilets  and  jieriodicals,  was  accepted  by  a  special  act  of  Oonpresa,  awl 
a  bust  of  Dr.  Toner,  executed  in  marble  by. I.  Q.  A.  Ward,  was  ordered 
by  the  Library  Committee,  and  is  placed,  with  the  iulmirable  full  lengUi 
oi^iHirlrait  of  him  by  E.  F.  Andrews,  in  the  Library. 

Dr.  Toner,  in  addition  to  this  gift  in  his  lifetime,  bequeathed  by  *■" 
all  Lis  remaining  books,  manuscripts,  pictures,  and  curios  to  tbt 
Library  of  Congress*  while  to  tlie  Cambria  Coonty  Medical  Associ* 
tion,  at  Johnstown,  Pa.,  he  has  given  all  duplicatAs  of  his  books  and 
l)erio(li(;als. 

Tlic  Toner  collection,  while  of  course  it  largely  duplicates  what  i^ 

already  in  the  Congreaaional  Library,  also  supplements  that  tolleclii* 

in  many  iitiport^iiit  directions,  especialty  in  medical  journals,  while  tk 

special   and   unique   collections    in  biography  and   Wasliiogtoiiiiiiiit- 

already  rol'orrcd  to,  give  to  it  a  great  and  itcrraanent  value.    It  has 

been  catalogued,  excepting  a  portion  of  its  pamphlets  and  seriBl8,anii 

while  hithert^dt  lias  never  been  adequately  or  even  respectably  stored. 

bpcftiiseof  the  utter  want  of  room  in  the  Capitol,  a  place  of  honor  in  > 

'on  of  the  new  Library  building,  selected  by  Dr.  Toner. 

1  to  the  urrangenient  and  preservation  of  his  onlleflioB- 

r>ed  that  other  collectors  of  valuable  libraries  and  of 


HEHOBI.'VL    OF   DR.    JOSEPH    H.    TONER.  643 

niiuinscripts  may  emulate  the  laudable  example  here  set,  and  perpetuate 
tbeir  names  and  render  their  collectious  id  the  highest  degree  nsefnl 
by  endowing  the  American  public,  throagh  its  Government  Library, 
with  the  valuable  stores  which  tliey  may  no  longer  ane. 

Dr.  Toner  was  honored  by  being  cbosen  president  of  several  societies, 
including  tbe  American  Medical  Association,  the  American  Public 
Health  Association,  each  of  the  two  Medical  societies  of  the  District 
of  Columbia,  the  Literary  society,  the  Columbia  Historical  Society,  the 
Washington  National  Monument  Society,  etc.  lie  was  ofl'ered,  but 
declined,  professorsbips  in  medical  colleges,  preferriug  a  more  compre- 
bensive  field  of  labor. 

In  tbe  last  few  years  Dr.  Toner  had  saffered  occasionally  from  internal 
derangement  of  certain  organs,  evincing  that  bis  naturally  strong  con- 
stitation  was  being  slowly  undermined.  But  he  workeil  on,  putting  the 
best  face  upon  tbe  visitations  of  disease,  until  the  summer  of  1806, 
when  he  was  in  the  midst  of  his  vacation  at  Cre^son  Springs,  Pa., 
where  be  suddenly  breathed  his  last,  seated  in  bis  easy  cbair,  on  the 
3lBt  of  August,  1896. 

In  concluKion,  all  who  knew  him  will  concur  with  me  that  tbe  seventy 
years  of  our  departed  i^iend  and  brother  represent  au  earnest,  laliorions, 
and  bigbly  useful  life.  To  few  men,  indeed,  is  it  given  to  win  so  much 
of  public  i-esi>ect  and  honor ;  so  much,  also,  of  more  teiuler  regard  and 
sympathy.  His  genial  companionship,  his  warm  and  widely  dis]>eu8ed 
hospitality,  and  his  encouraging  presence  and  aid  in  every  good  word 
and  work,  will  be  widely  missed  and  long  remembered  in  the  city  of 
Washington. 


Dcillizedoy  Google 


Dcillizedoy  Google 


WILLIAM  BOWER  TAYLOR.' 


By  William  J.  liHEES. 


The  record  of  mortality  of  the  past  few  yearn  bears  the  Dames  of  an 
nnuHQal  namber  of  emioent  scientific  men  whose  contributions  to 
knowledge  or  whose  benefactions  to  mankind  have  elicited  demonstra- 
tions of  sorrow  in  all  parts  of  the  civilized  world. 

It  is  well  to  be  reminded  of  the  dejiartare  f^om  our  midst  of  associ- 
ates who,  though  not  of  wide  renown,  have  possessed  sterling  merit, 
and  whose  useful  lives  and  faithful  performance  of  duty  entitle  them 
to  grateful  remembrance. 

Arago,  the  distingaished  secretary  of  the  French  Academy,  called 
the  attention  of  his  colleagues  to  the  fact  that  the  object  of  its  meet- 
ings to  eulogize  deceased  members  was  not  merely  to  celebrate  the 
discoveries  of  the  more  distinguished  academicians,  but  also  to  encour- 
age modest  merit  by  appropriate  recognition,  and  remarked  that  "a 
scientific  observer  ignored  or  forgotten  by  bis  contemporaries  was 
fieqnentiy  supported  in  his  laborious  researches  by  the  thought  that 
he  wonld  obtain  a  benevolent  look  &om  posterity.  Let  us  act,"  be  says, 
"so  far  as  it  depends  upon  us,  in  sneb  a  manner  that  a  hope  so  Jnst,  so 
natural,  may  not  be  frustrated." 

The  outline  is  here  presented  of  the  quiet  and  beantifnl  life  of  one 
whose  deeds  were  nutnarked  by  public  notice  or  applause,  nnhotiored 
by  high  titles  or  station,  bat  who  had  the  respect  and  love  of  all  his 
ttssociates,  whose  faithful  and  efficient  discharge  of  every  duty,  whose 
learning,  versatility  of  resource,  self-denying  industry,  and  personal 
sttractivenesa  entitle  bim  to  a  place  among  those  whose  names  should 
be  remembered. 

William  Bower  Taylor,  born  in  the  city  of  Philadelphia  May  23, 1821, 
was  the  son  of  Col.  Joseph  Taylor  and  Anna  Farmer  Bower,  both  of 
I'hiladelphia. 

Colonel  Taylor  was  a  bookbinder,  and  in  1821  was  elected  colonel  of 
tbe  Seventy-ninth  Begiment  of  Pennsylvania  Militia,  which  commis- 
Hlon  he  held  for  seven  years.  He  was  well  educated,  early  in  life 
became  interested  in  politics,  and  was  elected  to  the  Pennsylvania 
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lf<ri!iliitnre,  HnvJiig  removed  ro  liis  tarm  iienr  MitlTille,  N.  .1.,  for  the 
beueKt  of  his  healtli,  he  was  in  IH^  eleut«d  to  the  legiulaCare  of  tfast 
8tate. 

Williara's  motlier  died  while  be  was  quite  yoang.  His  father  pro- 
vided him  with  a  liberal  education,  aending  liim  to  a  Baptist  college  *i 
Uaddiugtoii,  ]*a.,  then  to  an  academy  taught  by  Prof.  Walter  U.  .lohn 
aoii,  and  subsefjufutly  to  the  Uuiversity  of  Pennsylvania.  Proreseo; 
Jobnsou,  one  of  the  moat  learned  men  of  that  time,  was  aecretaryuf 
tho  Academy  of  Natural  Seiences,  member  of  the  National  Institute. 
profesHor  of  physics  and  chemistry  in  the  Univeraity  of  Peunsylvautw. 
and  an  able  writer  on  scientific  and  technological  subjectc. 

lu  1835-;!(i  several  gentlemen  formed  a  society  with  the  name  of  TV 
Franklin  Kite  Ulab,  for  the  pur])i)se  of  making  ele«ttrical  esperimeuta. 
For  a  considerable  time  they  met  once  a  week  at  the  Philadelphia  City 
Hospital  grounds  and  Hew  their  kites.  These  were  generally  square  in 
shape,  made  of  muslin  or  silk,  stretched  over  a  framework  of  cawtf 
reeds,  varying  in  sixe  from  <>  feet  upward,  some  being  'M  feet  M)nat«. 
For  Hying  the  kites  annealeil  copi>er  wire  was  used,  wound  upon  » 
heavy  reel  2  or  3  feet  in  diameter,  insulated  by  being  placed  on  glxss 
supports.  When  one  kite  was  up,  sometimes  a  number  of  othM^ 
would  be  sent  up  on  the  same  string.  The  reel  beinf;  inside  the  feiw*. 
the  wire  from  the  kite  sometimes  crosseil  the  road.  Upon  one  occasion, 
as  a  cartman  pas.ied,  gimng  at  the  kites,  he  stopped  directly  nnder  llii^ 
wire  and  was  told  to  ciitch  hold  of  it  and  see  how  bard  it  jmlW.  In 
order  to  reach  tt  he  stood  up  on  his  cart,  putting  one  foot  on  the  horse'-> 
back.  When  he  touched  tlie  wire  tbe  shock  went  through  bim,  asalw 
the  horse,  causing  the  latter  to  jump  and  the  man  to  turn  a  somersaalt. 
much  to  the  amusement  of  the  lookers  on,  among  whom  was  Taylor. 

[t  was  this  incident  aud  others  of  a  similar  character  connected  witb 
tbe  kite  club  that  turned  his  youthful  mind  to  science,  and  especialk 
to  electrical  jihenomena.  lie  ma<le  a  number  of  kites  himself  and  •*]»> 
endeiivored  tomakca  Hyingnnichine.  He  made  a  dock  wholly  of  wood, 
which  kept  good  time. 

In  1836  Taylor  entered  the  University  of  Pennsylvania,  became  a 
member  of  the  Philomathean  Society,  and  later  its  moderator  or 
piesident.  He  was  graduate<l  iu  IK4(>  and  cxnnmenced  tbe  stady  nS 
law  at  the  university  and  also  iu  the  office  of  Mr.  Bawle,  an  emiiieot 
attorney.  He  was  sulmitted  to  tlie  bar  of  Philatlelphia  November  lo, 
1843. 

His  retiring  dist>ositton,  studious  habits,  stern  integrity,  and  higli 
sense  of  honor  were  not  conducive  to  securing  many  clients,  and  hi- 
looked  with  aversion  on  the  practices  of  attorneys  who  were  williii|; 
to  sa<!rifice  truth  to  gain  an  unrighteous  cause.  After  four  years' 
experJencih  of  an  ansatisfactory  character  as  a  lawyer,  in  November. 
1848,  he  Itecame  an  assistant  in  tlie  drug  store  of  his  bn>tber  Alfred, 
~«  Chestnut  street  neiir  Ninth,  and  rcmaiuMl  there  until  February  I, 
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By  sp«cial  invitation  of  bis  codsid,  Mr.  William  Ellis,  wUo  was  in 
barge  of  tbe  navy-yard  in  Wasliington,  be  accepted  tUe  position  of 
li-tiftsman  in  the  yard  February  17,  1K53,  and  a  few  inoutbs  later 
tecame  foreman  of  tbe  engineer  aud  macbiuist  depart meut.  lie  fllled 
bi»  position  acceptably  until  Uis  reiiignation,  December  31,  1853, 
t.><:eiving  a  letter  from  Oliief  Engineer  Henry  Hunt,  IJ.  S.  f.,  express- 
iig  ^'fi^eat  regret  in  bia  leaving  tbe  situation  wlierein  Lis  services  and 
£ii<»vledge  liad  been  valuable  and  bis  de[>urtnient  most  gentlemanly." 
In  May,  18W,  be  was  appointed  by  Hon,  Obarlea  Mason,  Commis- 
siouer  of  Patents,  to  a  temiwrary  clerksbip,  and  on  tbe  Ist  of  April, 
1805,  was  niiide  an  asaistaut  examiner  in  tbe  diviBion  under  Prof. 
George  C.  Scbaeft'er,  the  eminent  c-beniist,  engineer,  aud  general  scien- 
tist. Dr.  Schitelfer  used  to  relate  of  this  appointment  tbat,  tiuding 
bitnself  iu  need  of  an  assistant,  he  was  told  by  tbe  Commissioner  that 
a  youug  man  was  in  ironsiduration  for  the  place  who  »eemed  iutelligent 
aud  capable  but  spoke  doubtfully  as  to  his  om'u  r[u:iliflcationu  for  the 
work.  "Then  please  appoint  him  at  once,"  Kald  Dr.  8chaefi'er;  "he 
will  be  Just  tbe  man  I  want."  The  augury  was  abundantly  fulfilled, 
aud  waa  the  beginning  of  a  cordial  lifelong  frieudshif)  between  the  two 
meu,  amid  varioas  strong  differences  of  opinion.  Their  debates  on 
matters  of  high  interest  were  remembered  as  contests  of  giants  by 
tUeir  hearers. 

Mr.  Taylor  was  appointed  principal  examiner  on  November  10,  1857, 
iu  tbe  class  of  tirearms,  electricity,  and  philosophical  instruments. 
His  early  legal  education  aud  practice  fitted  him  admirably  fur  the 
jiosilion  of  cxamiuei'  and  enabled  him  for  more  than  twenty  years 
fully  to  meet  tbe  requirements  of  an  office  which  Commissioner  Mason 
declared  should  command  the  highest  order  of  talent,  "where  all 
learning  connected  with  the  arts  and  sciences  finds  an  ample  Qeld  jbr 
exercise  aud  questions  of  law  that  tax  to  their  uttermost  the  abilities 
of  tbe  most  learned  Jurists;"  and  another  Commissioner,  Judge  Ilolt, 
said:  "The  ability  and  requirements  necessary  to  a  pi'0[>er  discharge 
of  tbe  duties  of  an  examiner  must  be  of  a  high  order,  scarcely  less 
than  those  we  expect  in  a  judge  of  the  higher  courts  of  hiw." 

ill  1873,  the  teniiMimry  [tositioii  of  librarian  benig  va<'ant,  Mr.  Taylor 
was  detath'd  to  this  service,  on  account  of  his  extensive  inforniatiuu, 
and  was  of  great  assistance  to  the  examiners  through  his  ability  to  give 
tbem  references  to  aid  in  making  up  reports  of  application  for  patents. 
The  Patent  Office  library  was  indeed  a  grand  scbtKd  of  instrui-tlou 
and  a  mine  of  inexhaustible  wealth  for  a  scientific  iuipiirer.  Designed 
as  a  collectiou  for  reference  iu  tbe  examination  of  upplii-ntions  for  pat- 
ents, iu  order  to  determine  tbe  question  of  novelty  of  invention,  it  has 
grown  maiuly  in  tbe  direction  of  techuoh>gical  publications,  including 
lull  sets  of  the  periodicals  devoted  to  special  industrial  art  aud  all  the 
more  importsmt  treatises  on  machines,  arts,  processes,  and  products,  in 
tlie  English,  French,  and  (lerman  languages.  Besides  tbis,  there  are 
the  records  of  foreign  patents  of  inestimable  value.  ^ 
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In  1ST0  CoDgress  provided  for  the  permaneot  appointment  of  a 
librarian  in  the  Patent  Office  at  a  mach  lower  salary  than  tbat  of  an 
examiner,  and  as  Mr.  Taylor  gtill  held  the  appointment  of  priocipa! 
examiner  he  vaa  not  an  applicant  for  the  new  position,  which  was 
filled  by  a  political  appointment  Mr.  Taylor  then  expected  to  be 
reebHed  to  bis  former  duties  as  examiner,  but  by  reason  of  smalkr 
CoDgressiotial  appropriations,  which  necessarily  reduced  the  nambcf 
of  appointments,  he  was  nnfortunately  legislated  out  of  office. 

In  a  letter  dated  December  C,  1S76,  in  relation  to  this  matter,  Profeanr 
Heoiy  remarks:  ''M>-.  Taylor,  I  can  traly  say,  without  disparaguneot 
to  aoy  officer  of  the  Patent  Office,  is,  for  extent  of  knowledge  and 
praettcal  skill  in  reporting  on  the  originality  of  inventions,  without 
a  saperior  in  the  office.  Ue  has  long  been  a  collaborator  of  tbe 
Smithsonian  Institution,  is  a  member  of  the  Washington  Philosoph- 
ical Society,  and  has  achieved  an  extended  repntatton  as  an  active 
contributor  to  science  by  his  publications.  Uis  separation  from  tbe 
Patent  Office  I  consider  a  public  loss,  and  justice  to  himself  and  the 
interests  of  the  inventors  require  his  restoration." 

In  a  private  note  to  a  prominent  senator  Professor  Henry  commends 
Mr.  Taylor  to  his  "special  attention,"  and  says,  "He  is  held  in  Uie 
highest  estimation  by  all  who  know  him  and  can  appreciate  his  cliar- 
acter.  He  is  not  only  a  gentleman  of  extensive  information  and  rehnni 
culture,  but  is  admirably  constitated  in  regard  to  intellectual  auJ 
moral  qnalilies." 

While  Mr.  Taylor  was  librarian  he  also  acted  as  examiner  of  inter- 
ferences,  a  very  important  duty.  In  fact,  Prof.  Edward  Farqnhar,  liis  ' 
assistant  at  the  time,  remarks  that "  the  various  functions  lie  discharged  ' 
in  tbe  office  were  endless.  When  a  committee  wus  needetl  to  revise  tbe 
whole  classification  of  the  office  he  was  one  of  the  leading  niembws. 
He  was  perpetual  referee  and  consulting  esaminer  in  a  general  capacity, 
as  necessarily  resulted  from  his  extraordinary  knowledge  and  readiness 
to  impart  it,  supplying  more  especially  perhaps  the  principles  of  science 
and  of  law  than  their  practical  applications.  In  the  Patent  Office,  as 
elsewhere,  be  was  a  constant  ibutitain  of  instruction  to  all.^ 

In  1872  Professor  Henry  strongly  recommended  Mr.  Taylor,  without 
his  knowledge,  for  a  chair  in  one  of  our  leading  colleges,  as  one  "wbo 
from  the  clearness  of  his  conceptions  and  the  luciilness  of  his  exposi- 
tions has  the  elements  of  an  excellent  teacher." 

Other  occasions  offered  for  the  employment  of  Mr.  Taylorasateacber 
or  protessor,  but  he  always  shrank  from  assuming  the  duties  of  a  pub- 
lic iitstractor  and  preferred  the  retirement  and  privacy  of  closet  stod}' 
and  editorial  impersonality. 

Ep'  "csidence  in  Washington  be  formed  tbe  acqu^utamr 

and  -ieudship  of  the  leading  literary,  and  especially  tk 

scie  ^le  city,  and  with  Bache,  Henry,  Scbaeffer,  Heigs, 

and  spirits,  foumleil  a  scientific  clab,  which,  wilboul 
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onstitatioD,  by-lawn,  or  even  uflkers,  net  veeklj'  at  tbe  rasidrooe  of 
ts  members  iu  torn.  Hod.  Hagfa  McCaUodi,  ConptroUer  of  the  Our- 
eiicy,  afterwards  Secretary  of  the  Treasnry.  was  one  of  this  **rharsted 
ircle^"  all  of  whose  members  became  bnoos  for  their  Bnrice  to  tbeir 
onntry  and  the  world,  and  in  his  notable  work,  Men  and  HeASores  of 
lalf  a  Century,  he  speaks  thus  of  Hr.  Taylor: 

Mr.  Williaui  B.  Taylor  held  and  still  boldii  higb  nak  among  the 
«ientifio  men  nf  Washington.  lie  was  tlietiao  exammw  in  the  Patent 
>flice,  the  daties  of  which  he  p^tMined  with  great  ability.  He  is  now 
imployed  and  is  doing  good  work  in  the  Smithsonian.  Valuable  arti- 
cles from  his  pen  are  sonietimefl  seen,  bat  he  avoids  not4»iety,  is  raiely 
teen  in  society,  and  seems  to  be  perfectly  content  with  sachenjoymanta 
IS  be  finds  in  doing  his  duty  at  the  head  of  one  in  the  divisions  of  the 
^mitbsouiaii,  and  in  familiar  interconrse  with  a  few  personal  frimds. 
By  tbose  who  know  him  well  he  Is  oonsiderad  the  most  learned  man 
iu  Wasbingtnn. 

This  opinion  was  also  held  and  frequently  expressed  by  the  late  Dr. 
Welling,  president  of  Columbian  University. 

Mr.  Taylor  was  one  of  the  fonnders  of  the  Washington  Philosopbical 
Society,  which  grew  out  of  the  Saturday  Club  jnst  allnded  to.  He 
signed  tbe  call  for  tbe  first  meeting,  reiinesting  Professor  Henry  to 
preside.  Hatch  12, 1871,  and  on  tbe  organization  of  the  society,  March 
13, 1871,  was  elected  a  vice  president.  This  office  he  held  antU  Decem- 
ber 17,  1881,  when  be  was  elected  its  fourth  president.  Between  1871 
and  ISSlhehadpresidedatforty-fivemeetingsof  tbesociety.  His  first 
paper  was  presented  Jane  10,1871,  "On  the  nature  and  origin  of  force," 
and  was  published  iu  the  Smithsonian  Keport  for  1870,  which  was 
issned  late  in  1871.  At  almost  every  meeting  of  the  society  be  either 
presented  an  original  communication  on  astronomical,  mathematical, 
or  physical  subjects,  or  discnssed  with  freedom,  clearness,  and  marked 
ability  the  papers  of  others.  Among  his  most  important  addresses 
before  the  Philosophical  Society  was  one  in  1878  on  the  "  Life  and  scien- 
tific work  of  Joseph  Henry.**  This  work  was  peculiarly  agreeable  to 
him  as  an  ardent  admirer  and  strong  advocate  of  Henry's  |>olicy,  bis 
vann  personal  friend  and  intimate  associate,  and  of  whom  he  speaks 
thus:  "Pew  lives  within  the  century  are  more  worthy  of  admiration, 
more  elevating  in  contemplation,  or  more  entitled  to  commemoration 
than  that  of  Joseph  Henry," 

On  the  Sth  of  May,  18S2,  he  made  a  report  as  chairman  of  a  joint 
committee  on  the  Philosophical,  Biological,  and  Anthropological  soci- 
etien,  favoring  a  scheme  of  consolidation  or  union  of  the  scientific 
Nocifties  of  Washington,  an  event  which,  after  a  lapse  of  thirteen 
years,  has  only  recently  been  in  some  degree  accomplished. 

In  February,  1883,  a  mathematical  section  of  tbe  Philosophical 
^ie^  was  organized,  of  which  he  became  one  of  the  leading  spirits, 
taking  part  in  every  meeting,  aod  on  March  24, 1886,  he  was  elected  its 
chairman.    On  the  23d  of  October,  1886,  he  was  elected  to  the  g^eral 
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committee  of  tlie  society,  wbich  positiou  be  held  until  bis  deatli,  grrn; 
to  every  detail  of  bUHitieoB  the  sitme  att«utioD  be  did  to  aolviug  tix 
greatest  problem  of  nature. 

Tu  tLe  Journal  of  tbe  Frauklio  lustitute,  of  whicb  socie^  lie  war 
lorifT  it  niember,  he  ciontribiited,  in  187G,  n  paper  oii"Phy«it8  of  tbe 
etlier,"  couststing  principally  of  a  review  of  a  work  by  S.  Tdwt 
Preston,  of  IiondoD,  as  welt  as  numerous  brief  nntit^es  or  reviews  ia 
the  AmericautJourual  of  Science  and  Art,  New  Uaveu,  be  publisbed  a 
paper  in  1876  on  "  Recent  researches  in  sound, "  and  in  1885  *'On  tbe 
crniupling  of  the  earth's  crust." 

UiB  "Kinetic  theories  of  gi-avitatiou "  was  published  by  the  Smitb- 
gouian  lustitutiun  in  18T<i.  An  e<iitorial  in  the  Amerii^an  Joarual  of 
Science  refers  to  ibis  work  us  "■n  valuable  fatstori<^l  n-snm6  of  tbe 
various  attempts  that  have  been  made  by  the  most  eminent  pbilusopb^s 
to  account  for  tbe  phenomena  of  gravitative  attraction  from  the  ti«Hf 
of  Newt«u  to  the  present  day,  conclnded  by  a  vigorous  criticism  of  tbe 
leading  theories,  in  wbicb  the  author,  i>assing  over  tbe  eonsideratkio 
of  the  statical  method  of  explaining  gravitation  by  pressure,  find* 
that  kinetic  systems  are  essentially  of  two  classes — the  bypolb^b  o( 
emissions  or  corpuscles,  and  tbe  hypothesis  of  Huid  ondulatioDs — and 
proceeds  to  show  that  neither  form  of  either  hyjmtbesis  can  satiaty 
tbe  two  Newtonian  condittous  of  a  Bcientific  theory — verity  and  miffi- 
ciency." 

He  bec^ame  a  member  of  the  American  Philosophical  Society  of  Pbil- 
adelphia  on  the  liHIi  of  October,  1877,  bat  does  not  appear  to  have 
contributed  to  its  Transactions. 

He  was  elected  a  niember  of  the  American  AasociatioD  for  tbe  Ad- 
vancement of  Scieni-e  at  its  tweuty-eighth  annual  meeting,  in  Augnst 
1880,  and  at  tbe  meeting  of  Augnst,  1881.  was  made  a  fellow  of  that 
society.  The  only  pajier  he  contributed  to  tbe  Proceedings  of  tliis 
society  was  on  "A  probable  cause  of  the  shrinkage  of  tbe  eartli's 
crust." 

On  leaving  tbe  Patent  Office,  he  wa.s  engaged  by  Professor  Henry  to 
edit  his  researches  on  "sound"  and  " illnminating  materials,**  for  the 
reports  of  tbe  Light  House  Board,  and  in  1878  was  appointed  by  Heorj 
as  un  assistant  in  tbe  Smithsonian  Institution,  a  [losition  which  be  cod- 
tinned  to  bold  for  seventeen  years,  niitil  his  death. 

On  the  death  of  Prof.  Si>encer  F.  Baird,  secretary  of  tbe  Smitfam^ 
nian  Institution  and  United  States  Commissioner  of  Fisberiee,  Aagnst 
HI,  1887,  the  Wasliiugton  Pbilosopbical  Society,  as  the  senior  of  tbe 
Washington  scientilic  so<-teties,  and  the  one  with  which  Professor  Bainl 
bad  been  most  closely  connected,  took  initial  steps  in  arranging  for  a 
joint  mt-t'tiiig  to  commemorate  his  life  and  services.  To  Mr.  Taylor 
wits  iwssignt><l  the  theme  of  "  Professor  Baird  as  an  adrniDistrator,"  and 
t  of  an  intimate  knowledge  of  his  great  work  iu  the  Smith 
-as  eminently  fitted  to  discharge  the  duty  assi^ed  him. 
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lis  eulogy  of  rrofessor  B*inl  «s$  i<:'-Ei5b«il  tr.  t^«  Rr."^::a  of  t)H> 
biloeopbical  Society.  VoL  X.  ISaS:  a;^  is  tbe  Saiiihioaun  ULicvl^ 
(Deoas  Collectioa&. 

He  ^raa  preadent  of  tbe  I>ism<-t  ^tf  ro1air.~;>iA  Alomni  As^onarioa  of 
be  University  of  PeimsvlTviia.  and  |>rr7]dM]  at  its  atiDDjI  baotiuels. 
Oaring  the  life  of  I*n>fes-j"r  lleary  no  fi>nna)  ofl;<-e  existed  as 
editor"  of  the  Smithsonian  jKiblii-uiiuus.  ETt-rr  anirle  sabniittnl 
or  pablicatioD  itsk  rarvfnllT  examined  Uj  Pn>f(-ssor  Henry  hiMself.  all 
loubtful  points  discnsseil  with  the  aatbors.  and  ever>-  line  <.-ltis«-)y 
crutinized  iu  the  proof  sberlii.  independent  of.  and  in  itddilion  to,  tbe 
ixatninatioD  made  by  his  assistiiuts.  Mr.  Taylor's  distin^'iive  labors  as 
'editor"  commenced  with  Profe-isor  Baird's  av^e^siutl  tn  the  swre- 
Arysbip. 

Perhaps  very  few  persons  have  an  idea  of  the  seope  of  this  part  of 
the  operations  of  the  8niithsuniiin.  It  mar  be  well,  therefore,  to  n>fer 
brieliy  to  it,  as  by  Professor  Henry  it  was  t^imsidered  rhe  most  im[ior- 
taiit  part  of  tbe  operatiuns  of  the  iniititiitioii.  he  giving  it  tbe  tirst 
place  in  bis  rei>ort«,  be^rautw  be  believed  it  was  to  its  pnhlirtifioiu 
mainly  that  the  institation  owed  re4.-oguitiou  and  fame  throughout  tbe 
world. 

During  the  last  half  century  the  relations  of  the  Smithsonian  Insti- 
tutiou  ooiisideretl  aH  a  publishing  agfiivy.  to  the  s4-ientilie  pnblie  of 
America  has  been  essentially  that  held  by  the  great  Knroiiean  acad- 
emies to  the  scieutilic  men  of  Knrupe.  So  fur  as  works  of  great 
importance,  of  high  coat,  and  appealing  to  :i  lim>te<l  but  the  niiMt 
learned  class,  are  coucemetl,  its  record  is  ex<^f  lleil  by  noue,  if  indeed 
eqaaled  by  any  other  establishment. 

(>f  the  Smithsonian  pablications.  Mr.  Taylor  thus  s|)eaks  in  his 
eulogy  on  Henry: 

To  attempt  the  recapitulation  of  the  various  branches  of  original 
research  initiated  or  diretrtiy  fostere<l  by  the  institution  would  be  to 
write  its  history.  3<;arcely  a  departrn  nt  of  investigation  has  not 
received,  either  directly  or  indirectly,  liberal  and  eftiuieiit  assistance. 
Tlie  various  works  submitted  to  the  institution,  even  after  approval, 
entail  a  vast  amount  of  unrecognized  and  little  appreciated  labor  in 
tlie  elimination  of  obscurities,  of  redundancies,  or  of  personalities,  and 
iM  the  pruning  of  questionable  inctiiphoi-s,  of  jwrfect  or  hasty  generali- 
zations, or  of  iucidental  inaccuracies  of  statement  or  inference. 

The  most  important  duty  Mr.  Taylor  performeil  as  editor  while  at 
the  ijmithsoniau  was  tbe  collection  and  publication  of  the  Scientitic 
Writings  of  Professor  Henry.  To  this  labor  of  love,  for  which  he  was 
|)CThaps  better  fitted  than  any  other  peison,  he  gave  a  year  or  two  of 
Qutiring  devotion.  Ho  was  scrupiilously  careful  to  verify  every  reli'r- 
enceand  to  recalculate  every  mathematical  formula  used  by  Henry  in 
any  of  his  papers,  and  without  his  abundant  knowledge  of  Henry's 
researches  and  his  familiarity  with  the  whole  history  of  dis<^overy  in 
electricity  and  magnetism  be  could  not  have  produced  this  valuable 
work. 
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Wltile  Mr.  Taylor's  learaiog  and  skill  io  book  making  wereinvaliuUe 
to  the  SmithsoDian  iDstitutioi],  his  labors  were  not  confioed  to  tbose  d 
u)  editor.  As  early  as  l$(i6  he  became  one  of  the  collaborators  of  ttx; 
institution,  to  whom  was  referred  much  of  its  scientific  correspondetMC 
and  this  relation  he  held  until  1878,  when  to  him  was  assigned  tbe 
entire  charge  of  the  consideration  and  di^cassiou  of  matters  pertiiD 
iog  to  physics. 

This  part  of  the  operations  of  tbe  institution,  while  attractaog  du 
public  attention,  produces  important  results  in  the  difiiision  of  knowl- 
edge. Scai-cely  a  day  passes  iu  which  commiinicutions  are  not  receired 
from  Tarions  parts  of  the  country,  giving  accounts  of  discoveries,  <a 
seeking  information  relative  to  some  branch  of  knowledge.  The  mk 
was  early  adopted  to  give  respectful  attention  to  every  letter  received. 
Many  of  these  communications  are  of  such  a  character  that,  at  GrM 
sight,  it  might  seem  best  to  treat  them  with  silent  neglect;  but  tbe 
practice  was  observed  of  stating  candidly  and  respectfully  the  objectkNu 
to  socb  propositions,  and  to  endeavor  to  convince  their  authors  tJut 
their  ground  was  untenable. 

Mr.  Taylor  bad  a  keen  sympathy  with  mere  theorists, as  well  as  witk 
inventor;*;  with  those  who  suppose<l  they  had  discovered  new  gyateoa 
of  the  universe,  as  well  as  those  who  endeavored  to  contrive  machinn 
to  realize  per|>etual  motion.  To  all  these  he  had  the  rare  faculty  oT 
being  able  to  detect  and  expose  their  fallacies  withont  hurting  their 
pride  or  wounding  their  sensibilities,  and,  although  they  might  not 
accept  his  conclusions,  they  always  seeuied*  grateful  for  his  cridctsn 
and  honored  his  candor. 

From  what  has  been  said  as  to  the  engrossing  occupations  of  Ur. 
Taylor,  it  can  readily  be  inferred  that  bis  own  published  writings  were 
few.  Most  of  his  work  was  fragmentary  and  discursive,  and  while 
voluminous  in  tbe  aggregab;,  was  very  much  condensed  and  epittaniuii 
in  each  separate  case. 

His  principal  works  were: 

Scriptural  Authority  of  tbe  Sabbath,  1851 

Tbe  Nature  and  Origin  of  Force,  1870. 

BetVaction  of  Sound,  1876. 

Kinetic  Theories  of  Gravitation,  1876. 

Henry  and  the  Telegraph,  1878, 

Memoir  and  Scientific  Work  of  Joseph  Henry,  1878. 

Physics  and  Occult  Qualities,  1882. 

In  his  history  of  Henry  and  the  Telegraph,  Taylor  treats  fnllyof  tbe 
growth  of  the  electric  telegraph,  and  shows  "that  prior  to  HeuryV 
exper'"""'*""  i.i  1829  no  one  on  either  hemisphere  had  ever  thought  of 
wir  Ss  of  an  electro- magnet  on  the  i)rinciple  of  the  bobbin, 

an<  "  the  publication  of  Henry's  method  in  January,  1831, 

wa  Ml  by  a  European  physicist."    Taylor,  however,  does 

no)  exclusive  honor  for  the  invention  of  the  telegrapb; 
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e  shows  that  no  single  individual  is  eutitled  to  that  distinction.  He 
ays:  "  It  was,  in  fact,  a  growth  rather  than  an  invention,  the  work 
f  many  ttrains  and  of  many  handa;  bat  atnid  the  galaiy  of  brilliant 
ames  ivho  prepared  the  way  for  succeas  and  organized  the  trinmph  for 
he  execDtion  of  sl(i1I(Til  artisans,  none  stands  higher  or  shines  with 
■ore  resplendent  taster  than  that  of  Joseph  Henry." 
Altbongh  so  troly  a  "scientific"  man,  Taylor  did  not  engage  in 
rigioal  research  and  experiment,  a  field  which,  if  be  had  entered,  there 
an  be  no  donht  of  bis  bnlliant  sacceaa.  It  is  possible,  however,  that 
le  was  better  fitted  for  the  sphere  of  action  in  which  he  engaged.  It 
nay  be  trne  that  "the  genius  which  qaalifles  a  man  for  enlarging  the 
Ktandaries  of  science  by  bis  own  inventions  and  researches  is  of  a  very 
lifferept  class  from  that  whicli  coofiBrs  the  ability  to  elucidate,  in  a 
limple  and  systematic  coarse,  the  order  and  connection  of  elementary 
Tnths." 

Taylor's  mental  characteristics  were  of  a  very  high  order;  few  men 
tiave  been  better  endowed  by  nature  or  developed  by  study.  He  not 
only  bad  quick  perceptions  to  grasp  the  arguments  or  meaning  of  others, 
bnt  be  could  find  in  them  relations  and  suggestions  which  tbey  had 
not  tbemselves  seen.  He  was  extremely  exact  and  precise  in  stating 
his  own  views  and  in  making  his  mciiniug  clear. 

His  writings  are  distinguislied  as  being  not  merely  a  digest  of  ideas 
which  he  had  acquired  from  the  pemsal  of  books  of  others,  bnt  an  able 
analysis  of  the  work  of  every  author  which  exercised  any  inflaence  on 
the  topic  he  had  under  discnssion. 

One  trait  of  his  character  was  the  thoroughness  with  which  he 
pursaed  any  inquiry,  as  he  was  never  satisfied  until  he  had  learned  all 
that  conld  be  ascertained  in  regard  to  it.  A  remarkable  memory 
enabled  him  in  his  daily  work  to  profit  Irom  bis  extensive  resean;hes. 

As  a  couversationalist,  it  seemed  aa  if  any  subject,  even  casually 
started,  had  been  the  special  theme  of  his  thinking.  He  ctjuld  adapt 
himself  to  and  equally  please  the  profound  philoHopber,  tfae  crude 
schoolboy,  or  the  hard-working  mechanic. 

He  was  particularly  fond  of  optical  experiments,  drew  ekiborat«  dia- 
grams and  plans  of  improved  insIrumentM,  efli>e<.'ially  the  stereoncope, 
and  made  an  unusually  large  collection  CM,i1tlttj  of  stenxMiHipic  views. 

He  frequently  urged  the  importance  of  theeHbililishment  of  a  bureau 
for  indexing  scientific  publications,  and  conrtidtre'l  the  devotion  of  a 
hnd  for  this  purpose  by  a  millionaire  who  wixbed  Ut  a^mn  (ferjietuaJ 
fame  as  far  more  likely  to  secnre  his  object  than  by  a<ldiiig  au<ftb«r 
library  or  even  a  university  to  tbone  now  exi'ting. 

Many  works  with  which  Mr.  Taylor's  name  ba>t  never  !>een  t-jmnmiMi 
owed  a  large  part  of  their  merit  and  xuccsh  to  natei  iaU  he  fiiniinlu^t 
andto  his  advice, reviflion,andcriti(:isui.  Th«;  iuborof  hand  and  iirnia 
vhich  might  have  been  employed  in  btidding  np  bia  own  r;iuM  wmt 
freely  given  to  all  who  sooght  iL    He  wan  rtty  averw  to  wriltug  (or 
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com |>HU nation  for  the  public  preatt,  not  wisbiDg,  as  be  said,  to  be  u  t'» 
category  of  "penuy-aliners. ' 

He  waa  an  erudite  classic^al  Hcholar,  and  bj»  very  latest  rending 
iQ  old  Latin  tomes.    But  while  lie  enjoyed  vomuinniou  witbthe  echi 
of  antiquity,  be  was  also  tborougbly  a(M)naint<'d  witb  the  seioi 
diBcoveries  of  tbe  present  day,  diligently  perusing  the  tranitactioDii' 
learned  societies  and  leading  ))erio(licals  from  all  parts  of  the  worUi' 
they  i-eacbed  the  Smithsonian  luHtitution,  wbii;h  is  distinguisbvd  r 
being  tbe  repository  of  more  of  this  class  of  literature  than  any  librvi 
in  tbe  country.    He  kept  well  informed  as  to  public  qnestions  and  ik 
dlHcussions  of  political  economy  and  of  general  current  topics. 

He  was  a  great  lover  of  iKietry,  and  made  a  large  collection  of  tte 
lives  and  works  of  [>oets,  among  whom  Shelley  seems  to  have  been  te 
favorite.  He  also  wrote  numerous  notes  and  comments  on  poetical 
worts. 

One  of  his  literary  amusements  was  the  preparation  of  s  Btotytf 
"  The  wars  of  tbe  angels,"  fonnd  scattered  through  Milton's  Fandiw 
Lost.  Mr.  Taylor  cut  up  copiesof  tlic  work,  and  selecting  all  refereiKc 
to  this  phase  of  tbe  poem,  be  neatly  pasted  them  on  loose  pages,  tfcn- 
making  an  interesting  narrative,  wliicrh  be  named  "  The  wars  of  th( 
angels,'' and  which  he  thought  of  publishing,  witb  critical  notes  and 
comments,  but  the  plan,  beyond  the  work  referred  to,  was  never canxd 
out. 

He  was  a  great  reader  and  spent  most  of  his  leisure  in  his  libcsr. 
which  was  unusually  large  and  valuable.  While  mainly  scieDtificin 
character,  it  cx>ntained  special  collections  of  much  value  and  eitenton 
ecclesiastical  history,  translations -of  and  commentaries  on  the  BiUe. 
the  Sabbatb,  myths,  creeds,  spiritualism,  tine  arts,  besides  a  very  \up 
number  of  grammars  and  dictionaries. 

Among  bis  specialties  lie  had  a  complete  collection  of  editioii^Df 
Keynard  the  Fox,  another  of  Ornamental  Alphabets,  another  of 
"  Face tiie,"  and  many  thousands  of  engravings  and  photographe.  B.t 
spared  no  pains  or  exi>ense  to  make  tbe  specialties  in  which  heW 
interested  as  complete  as  possible. 

Mr.  Taylor's  life,  apart  from  his  scientific  and  literary  work,  «8s 

unusually  qnicC,  serene,  and  uneventful.     He  seenieil  wholly  destitat; 

of  personal  ambition,  and  was  always  content  to  receive  but  nevertc 

seek  preferment.     His  motto  seems  e\er  to  have  been  "  1  serve."  H* 

waa  truly  a  slave  to  routine  duty,  and  the  bright  light  of  his  iotelW 

was  hidden  by  tbe  bushel  of  official  exactions.     In  feelings  and  ofinio^' 

be  was  a  decided  conservative;  while  sympathizingwithadvanceiuoT? 

ir  'ial  progress,  his  tastes  and  acquaintance  with  tbe  paatl^ 

Mons  of  novelties  or  radical  changes  in  tbe  establi8l>^ 

He  had  no  patience  with  demagogues  and  no  sympst^T 

He  never  mingled  in  public  affairs,  never  voted,  Mii 

1  even  attended  public  gatherings  for  tbe  promotioii 
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f  general  welfare  or  special  cbaritieB.  He  never  ii)urrie<t.  uid  uiifi»r- 
jiiately  had  no  reulization  of  tbe  liappiiit'ss,  the  inc-eiitive,  tlie  dignity, 
ltd  the  honor  of  tbe  borne  and  family. 

Ue  liad  great  detestation  of  fraads,  nbanis,  and  <)isl)one.sty  of  all 
inds,  and  moreover  bad  tbe  conrage  of  bis  voiivictions  in  deiiouiieiii^; 
Tiliosters  and  cbarlatans.  Hewasnot  Kwuye*!  byan  arruyof  niimbtTit 
r  di^niitaries  in  forming  bis  opinions,  but  believt-d  with  the  great 
ihiloHoplier  (jalileo,  that  "  In  ^jnestions  of  acience  the  anthority  of  a 
honsand  is  not  worth  the  humble  reasoning  of  a  single  individual." 

He  was  courteous,  kind,  and  unselflsli  in  a  marked  degree,  and  wika 
miformly  cheerful  and  dignified. 

He  was  fond  of  the  drama,  and  ibis  appcarit  to  have  bouu  the  ])rinei- 
lal  sonrce  of  liis  recreation. 

His  penmaDsbip  was  particularly  delicate,  retined,  and  distinct,  and 
18  identically  the  Pame  for  tbe  last  fnrty  years  of  bis  life.  lie  left  au 
immense  mass  of  manuscrijit  notes  on  every  subject  to  wbicb  he  bad 
given  attention.  Kcouomical  to  a  degree  almost  approaching  jiarsf' 
mony,  he  wasted  nothing,  and  condemned  and  desptsod  extravagance 
or  diapliiy  eitber  in  private  or  in  public  life. 

Dr.  Kdward  Fanjubar  bas  contributed  tbe  fulb)wing  remarks  in 
regard  to  Mr.  Taylor's  scientific  cliaracteristiis : 

Of  tbe  whole  pbilosopby  and  theory  of  evolution,  wbctlicr  emlHHlie<l 
in  tbe  researcbes  and  suggestioiiR  of  Darwin,  or  the  more  gencnili/ed 
thought  of  8i>encer,  be  whs  so  complete  a  master  that  lie  stood  as  an 
ex[>o8itor  of  it,  perhaps  as  tbe  c.\i>o8itor,  t4i  a  very  intj>rfKt4>il  circle  of 
ac(|aaintance. 

Atomic  tbeory  was  one  of  his  most  peculiar  haunts,  linguistics, 
especially  comparative  pbilologj-,  might  have  been  taken  for  bis  natural 
iletitiny;  psychology  was  a  taiiiiliar  region  of  thought  and  of  ihtm 
observation;  rhetoric  and  style, ot  niinut«  analysis  and  dtMrriniination; 
while  matbematicnl  principles  be  was  particularly  fitti-d  lo  ex]Niriiul 
l>ecause  be  grasped  tbeni  not  in  mere  sjiecialty,  but  in  tbeir  rHatioun 
with  truth  in  general. 

Hr.  Lester  P.  Wunl,otie  of  the  most  leanieil  and  diHiingiii»bt;<l  niMn 
bersof  tbe  Washington  Philosophical  .StMriely,  bits  rt-markcd; 

Mr.  Taylor,  althoagh  primarily  a  physicist,  whs  widely  iiir'irm<-<l  <m 
all  tbe  deeper  topics  of  general  science.  Ilii  inind  ih>-m;<>~«'<I  a  (■•-h'-Hlc 
aensibility  to  suggestion  from  others,  and  wa-  intliiciiit^]  w  liollv  by  tlic 
hiberent  merit  of  tbe  suggestmn  and  not  at  all  by  ilic  ■ii[>jm»J-'I  <j,ii, 
latency  or  incompetency  of  tbe  |htsoo  m^ikrng  it.  .sr.!!,  r>it  i(iin>  ifiit-.n 
tions,  he  bad  settled  convictions,  and  on  iif^rlyall  irii|i'>rt;<[it  tifL-iit 
be  possessed  original  ide^s,  tbe  ro^nlti  of  |iroI'>ri;.'wl  iti'l'fi.'\-,iil 
thought.  His  conversation  was  jiar(icalarly(->.:it»i:r:gt('>((i  ttx-f^'  •  IuaI 
itcombined  great  learning  and  oriinnaljiy  Vi'h  ii.*;  n'lnfi*!  niti;..,' iiy 
and  a  complete  absence  of  dogmatiom.  l-i  a  T't:<i.  h.^ct.t  n- 1  i.^tMit-t 
illastrated  how  extremely  liberal  gfiuji:,*;  w. -.•,-, . :iri  A!:-,t't  r„  '^ , 

Mr.  Taylor  enjoyed  gooal  iHr^iih  n^a.-h  r*-  »?,',>  <rf  i.,.  i.'c.  i  .</«,/(( 
for  many  years  he  had  not  taken  tl,*c'jt.v^;.a..j- ;,„■,,„*  ^.,.,    ,^  ..,^,j 
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vAetj  foe  rest  and  recreation.  An  attack  of  the  grippe  in  19M,  kov 
ever,  Mcved  to  eaferi>le  him  and  be  nerer  regained  his  f<Hmer  rij^. 
His  last  iOnesK  was  brief.  After  mach  snffering  from  an  incttnU* 
Balady,  and  snbaiittiiig  to  a  surgical  operation,  he  died  in  WasfaiogtcQ 
on  FebmarT-  25,  I89o.  in  the  aerentf-fifth  year  of  hie  age,  and  hi< 
remaiDS  were  baried  in  Woodlawn  Cemetery,  Phiiadelpbia,  bis  natit« 
dty. 

"  O.  gDod  old  BBS :  how  well  id  thee  ^»«n 
The  cooetaot  bToor  of  the  antique  world. 
When  arrTire  aweat  for  datj,  not  for  merd ! 
Than  ait  not  for  the  bahioD  of  tbece  times, 
Wheta  Doae  will  awoat  bat  for  pnnuotion. ' 
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By  H.  I{.  WoDDWABi).* 


Among  the  more  Oistinguiahed  of  tlie  secoinl  generation  of  British 
geologists — a  h:uid  comprising  sncb  men  as  Godwin- Austen,  Falconer, 
Morris,  Edward  Forbes,  Egerton,  Jukes,  ItamsHy,  and  Daniel  Shari)e — 
the  Babject  of  our  present  memoir  has  long  outlived  each  one  of  them, 
and  the  close  of  his  life,  at  the  advauced  age  of  84,  severs  the  most 
promineDt  link  which  connected  the  geologists  of  the  present  day  with 
the  old  masters. 

Joseph  Prestwich  was  bom  at  Pensbury,  Claphani,  on  March  12, 
1S12,  and  was  dcNcended  from  an  old  Lancashire  family.  One  of  his 
ancestors,  8ir  Joseph  Prestwich,  Bart.,  was  an  active  fellow  of  the 
Society  of  Antiijnaries,  and  a  mantiscript  written  by  him  about  the 
year  1798,  dealing  with  tlie  subject  uf  eartinjuakes,  was  published  by 
Joseph  Prestwich  in  the  Geological  Magazine  for  1870.  Atone  time 
Prestwich  entertained  the  idea  of  claiming  tlie  bnronetcy,  which  his 
father  bad  declined  to  take  ap,  bat,  owing  to  the  loss  of  documents, 
this  iiitentiou  was  abandoned. 

Beceiviug  his  early  education  i>artly  in  London,  partly  in  I'aris  at  a 
school  attached  to  the  College  Bourbon,  and  partly  under  the  famous 
Dr.  Valpy  at  Beading,  Joseph  Prestwich  completed  bis  studies  at 
University  College,  I^ndon.  There  he  learned  chemistry  under  Dr. 
Turner  and  natural  philosophy  under  Dr.  Lardner,  and  he  gained 
some  acquaintance  with  mineralogy  and  geology  from  a  few  lectures 
included  in  his  course  by  the  professor  of  chemistry.  That  he  had  a 
leaning  toward  ex)>erimental  science  was  evident,  for  he  subsefiueotly 
formed  a  laboratory,  whicli  he  maintained  until  about  the  year  1800. 
Uisown  tastes  woahl  have  prompted  him  to  adopt  a  pn>fession,  but 
circumstances  caused  him  to  enter  his  father's  business  of  wine  mer- 
chant, and  in  this  he  was  closely  occupied  for  about  forty  years,  until 
1872,  when  he  retired  from  his  ofSce  in  Murk  Liinc. 

'  Krom  Natnml  Hi-ience,  [.ondon,  Vnl.  I\,  1K1I6,  pp.  x't-'W. 

•  For  iwini.'  parltcotars  relating  Ui  Sir  J.  I'reHtwi.li  we  an-  liulehtefl  to  an  artieic 
ptioled  in  the  Iliognipb  for  I>ec«m1>er.  IKHl,  ami  reprinted  with  additiimii  and  revi- 
Bionit  in  the  Geological  Magazine  for  June,  1893.  ~        >  i  [  - 
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The  brief  iiitroduc-tinn  to  geological  science  which  Dr.  Turner  W 
given  WAR  destined  to  bear  the  most  excellent  frnit.  PrestwkiaH 
thus  led  to  esunine  the  colleetious  of  fossils  in  the  British  Hoshk^ 
and  the  works  of  CTooybeare  and  Pliillipe,  of  De  la  Becbe  and  LjcU. 
bec'ame  his  text- books. 

Kiiteriug  the  field  of  geology,  as  he  tells  us,  for  relaxation  fromik 
Ciires  of  commercial  life,  be  had  in  his  early  years  only  such  time  tr 
conld  be  snatched  from  business  at  intervals,  and  chiefly  no  Saturdsp 
and  SnndayB.  Fortnnately  his  duties  led  him  inio  varions  parte  of  Ik 
country,  and  every  opportunity  was  taken  of  making  acquainUur 
with  the  physical  features  and  structure  of  the  districts  he  visited.  It 
is,  however,  wondevfol  to  find  bow  much  he  achieved,  bow  early  he  Iwi 
mastereil  the  principles  of  geology,  and  how  sound  were  his  intetf"^ 
tatinns  of  facts. 

nis  holidays  during  the  years  1831  to  1833  were  for  the  most  port 
spent  iu  tbe  region  of  Coalbrook  Dale,  and  the  results  of  bis  reseaicbc* 
were  communicated  to  the  iieological  Society  of  London  iu  ISJIwI 
1S36.  This  work  was  published  in  full  in  the  Transactions  of  tU 
society,  and  looking  at  it  now  it  may  be  regarded  as  a  model  of  what  > 
memoir  should  be  on  snch  a  subject  as  the  coiil  field  and  its  assodatrO 
strata.  The  Silurian  and  Oarboniferons  vocks,  tbe  new  red  sandstoot 
the  igneous  rocks,  and  the  drifts  were  all  duly  described,  and  what  »  I 
more  remarkable,  consiilering  the  youth  of  the  author,  the  superUtul 
extent  of  the  various  rocks  was  shown  on  a  map  of  the  scale  of  our 
inch  to  a  mile  in  a  miinner  differing  in  no  very  important  particala" 
from  the  sub8fi|uently  published  map  of  the  Geological  Survey.  Tbe 
structure  of  the  area  and  its  faults  were  carefully  depicted,  while  tbe 
organic  remains  which  Prestwich  bad  obtained  were  described  «itii 
the  aid  of  his  friend,  John  Morris.  So  highly,  indeed,  would  we  Bpei^ 
of  this  work  that  had  tlie  author  done  uothing  subsequently  we  beitm 
it  would  have  entitled  him  to  a  permanent  place  on  the  roll  of  tbo^ 
geologistH  who  have  rendered  distinguished  service. 

In  1835  another  paper  was  read  by  Prestwich  before  the  Geological 
Society  on  the  ichtliyolites  of  Uamrie  iu  Banffshire,  and  this  «u  ^ 
first  published  work.  In  18;t7  he  supplemented  it  with  observations  od 
the  driit  deposits,  including  those  of  Blackpots,  and  he  not«d  (1» 
existence  of  a  raised  beach. 

These  early  studies  give  a  good  idea  of  the  bent  of  his  miad,  f^ 
attention  being  given  to  stratigrapbical  geology  and  to  the  iihysinl 
conditions  under  which  strata  were  accumulated.     In  lat«r  yean  if 
tiiriiAfi   Qcrain   to   the  coal   measures  in  other  regions,  especiftllf  i"  ! 
ni  to  their  possible  underground  range  iu  the  southeaslw 
"  the  subjects  of  drifts  and  raised  beaches  gained  ercD- 
'  more  of  his  attention.  i 

'  elected  a  fellow  of  the  Geological  Society  in  1^ 
was  president;  and  he  first  became  a  member  of  coon   I 
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in  1S46,  wh«n  MarchiBon  was  president  ami  Sedgwick,  Buckland, 
ttou,  Lyell,  1>e  la  Beche,  and  othera  were  bis  associates. 
He  had  now  for  some  years  been  particularly  occupied  in  what  may 

considered  his  chief  work — the  elucidation  of  the  Kocene  strata  of 
e  Iiondou  and  Ilampsbire  basins. 

Commencing  in  the  London  area  be  zeslously  travorccd  the  country 
lerever  the  Lower  Tertiary  strata  were  to  be  found,  and  hardly  an 
tlier  of  any  importance  escapeil  his  observation.  Mr.  Whitaker, 
lo,  more  than  any  other  man,  has  followeil  in  the  footsteps  of  Prestwich 
er  this  large  region,  referred  in  1872  to  the  literatare  of  the  subject, 
id  remarked  that  the  period  Iftil  to  1864)  "nii^btwell  be  called  the 
'restwichian  period,'  from  the  author  who  flrst  clearly  made  out  the 
(tailed  structure  of  the  liondon  Basin."' 

After  certain  preliminary  studies  the  interest  and  difltcnlties  of  tbe 
ibject,  as  Prestwich  himself  relates,  si>eedily  inducted  him  to  take  it 
;>  with  more  earnestness  and  determination,  and  eventually  led  him 
>  extend  his  inqairies  over  an  area  which  at  first  be  never  contem- 
lated.  With  true  enthnsiasm  he  remarked.  "The  Tertiary  geology  of 
le  neighborhood  of  London  may  be  wanting  in  beauty  of  stmt  igrajibical 
shibition  and  in  perfect  preservation  of  organic  types,  bnt  in  many  of 
le  higher  questions  of  pore  geologj' — in  clear  evidence  of  remarkable 
hysical  changes — in  cnrious  and  diversified  pahi-ontological  data, 
owever  defaced  the  inacriptions.  which  is.  after  all,  but  a  secimdary 
oint,  few  departments  of  geology  offer,  I  tliink.  greater  attractions," 
*hese  statomente  were  made  in  1849  when  De  la  Beche  hande<I  to  litm 
he  Wollaston  medal,  which  hail  Ifcen  awardc^l  by  the  ci)un<-il  of  the 
ieological  Society.  lie  had  th^i  completed  but  a  portion  of  those 
abors  which  established  his  reputation  oh  the  leading  authority  on  our 
Tertiary  strata.  Having  already  extended  bis  reseurcbes  frr>m  the 
■lOndon  to  the  Hunpshire  Basin,  he  snbse<|acutly  followed  the  strata  into 
3elgJQiD  and  Prance,  correlating  the  divisions  be  hail  niad<^  in  (his 
mnntry  with  those  establisbed  abroati  by  Dumout  and  l>'Ar<rhtui-. 

His  great  aim  was,  by  stndjing  in  detail  the  Iitli<>lo:;ii-al  cbarairterH 
)r  the  strata  and  their  fossils  to  mark  out  tbe  lua'in  fnbrlivipjont  in 
tlie  Bocene  system,  and  to  picture  llie  and'-tit  plivKJi-al  coridiri'ini 
which  attended  their  formation.  I>y  folloii  in;;  ih«  -rrat^  (nun  [•"ttit  U> 
IMijnthe  was  enabled  to  record  tbe  mineral  chan;.'*—  wli.'<-h  irt^uy  of  the 
sabdivisions  ondergD,  and  tonou_'tbeclian;;»-in  fa:ria  iii.it  tuiou.jt^uy 
these  variatioDi*  in  sedimentary  w«nlitioii,  lit:  a;«.  --.ov  «I  b-iw  d.  flt-r 
ent^es  in  tbe  flora  in  certain  foniiati'>ii4  j>o:iitii]  t"  <f.-):M-t  lai.d  a-i-a*. 
Thas  were  fossils  employed,  as  they  *i,'ni'.>l  !*?  in  gH/l.g.f^l  iiv<-* 
ligations,  in  interpreting. the  |iby-j<:iil  •-••ti'i:t.";.a  '^f  i:,i  >';4ta  itlUir 
the  stratigr^hical  fisatnre«  had  t^e^n  dtr'*-ra..i.'^i^  and  in  a.<j.;i;;  tii« 
sabseqaent  correlation  with  distant  'l^jf)»«-it«. 
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In  hU  ewlier  papera  on  Eoccsoe  formations  he  dealt  with  tlw  apai  I 
relations  of  the  London  Clsy  and  Bagebot  Beds.  He  prwred  tfae«»- 
nection  of  the  London  Clay  and  Bognor  Beds,  and  showed  that  tkcf  ! 
were  older  than  the  clayf>  uid  sands  of  BraeUeebam  and  tbe  cl^«  rf 
Barton.  He  snbdivided  the  Bagsbot  Beils,  and  oHrelated  with  tt^ 
certain  strata  in  Hampshire  and  the  Isle  of  Wight.  Sabacqirt 
researches  by  Mr.  Starkie  Gardner,  Mr.  Mon^ton.  ^id  Mr.  Berna 
have  thrown  donbt  on  the  correlatwHi  of  the  fpper  Bagahot  W— duf 
Surrey  with  those  of  Uuupshire  (the  Eeadon  HiB  Saods) ;  and  is  ■ 
later  work'  Prestwich  agreed  that  the  Upper  Bagsfaot  3*Bds  of  tkr 
London  area  might  he  partly  or  wholly  of  Bracklesham  s^v.  Beai; 
at  all  times  to  accept  corrections  when  assured  of  their  accuracy,  b 
was  also  not  anwilling  to  admit  changes  in  classificatioa  whca  Oe 
alteration  was  for  the  general  convenience.  Thos  he  adopted  the  t«n 
Oligocene  for  strata  previously  gronped  as  Upper  Eocene.  He  did  not 
however,  agree  with  Ur.  Whitaker  in  his  proposal  to  form  a  sepandr 
division,  termed  the  Oldhaven  Beds,  from  strata  in  part  grooped  >? 
Prestwich  with  the  basement  bed  of  the  London  Clay,  and  in  part  wili 
the  Woolwich  and  Beading  Series. 

Continuing  his  researches  Prestwich  described  in  fiill  detail  tiM 
strata  between  the  London  clay  and  chalk,  giving  the  nainee  ^^T^tir* 
Sands"  and  "Woolwich  and  Beading  Series"  to  stratft  pierioMty  i 
gronped  togetbef  as  the  "Plastic  Clay  FonnatioD.*'  Beforing  to  Ae 
im|tortant  series  of  Eloceiie  memoirs,  which  he  had  completed  in  ISSf. 
Edward  Forbes  remarked,  "These  remarkable  eesajrs  Nobody  ibe 
resolts  of  many  years'  carefhl  observation,  and  are  noexrelled  ^ 
completeness,  minnteness  of  detail,  and  excellence  of  gm«^izatiM.' 

A  popular  account  of  the  Eocene  strata  and  of  the  sup>erficial  depot 
its  that  occur  in  the  neighborhood  of  London  was  given  by  Presrvifb 
in  1851  and  1S56,  in  the  course  of  three  lectures  on  the  gwAogf  o( 
Claphani,  and  these  were  published  a  year  later  under  the  title  (^ 
The  Ground  Beneath  Us.  Clearly  and  pleasantly  written.  Uiis  little 
work  was  well  calcnlated  to  arouse  the  interest  of  the  reader,  sod  it 
the  time  of  its  publication  it  was  one  of  the  best  introductions  to 
geology  which  it  was  possible  to  place  in  the  hands  of  a  beginner. 

While  Prestwich  gave  his  attention  in  the  main  to  pure  science.  ^ 
did  not  neglect  the  important  applications  of  knowledge.  By  bis  pnt^ 
lication  in  18.>L  of  A  Geological  Inquiry  Eespecting  the  Water-beano^ 
Stmts  of  the  Conntry  aronnd  London  he  came  to  be  recognised  v 
the  leading  geological  authority  on  the  subject;  and  in  1867  heww 
appointed  a  member  of  the  Boyal  Commission  on  Metropolitan  Watte 
Supply. 

He  was  elected  a  fellow  of  the  Boyal  Society  in  1853,  and  vice- 
jiresiden*' "  'n  that  year  also  he  became  president  of  the  Geo 

Io0nal  *iis  second  address  to  that  society  in  1872  he  g*^ 
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excelletit  and  oft-qnoted  aoconut  of  the  pt>Tt,h  of  London  aa 
pendent  on  tbe  means  of  obtaining  a  supply  of  water.  Id  the  same 
dress  he  referred  to  tbe  many  aspects  of  geological  science,  and 
marked  tbat, "  While  treating  of  these  abstract  and  philosopbjcal 
lestioos,  geology  deals  also  irith  the  reqntrements  of  civilized  man, 
owing  bim  the  best  mode  of  providing  for  many  of  his  wants,  and 
tiding  him  in  the  search  of  mnch  that  is  necessary  for  his  wel&re. 
le  qoestioDS  of  water  supply,  of  building  materials,  of  metAlliferoos 
lins,  of  iron  and  coal  supply,  and  of  surface  soils,  all  come  under 
is  head,  and  constitnte  a  scarcely  less  important,  althongh  a  more 
lecial,  branch  of  oor  sdeace  than  the  paleontological  queettons 
innected  with  the  life  of  past  periods,  or  than  the  great  theoretical 
roblenis  relating  to  physical  and  coamical  phenomena." 
He  reverted  to  the  subject  of  water  supply  soon  after  he  came  to 
»ide  ill  OxfonI,  publishiiig  a  pamphlet  on  the  geological  conditions 
ffecting  water  sui>ply  to  booses  and  towns,  with  especial  reference  to 
bat  city.  He  dealt  in  1871  with  the  subject  of  the  proposed  tnnnel 
etween  Sngland  and  France,  and  his  essay,  published  by  tbe  InstiCa- 
ion  of  Civil  Engineers,  gained  for  biui  the  Telford  medal. 
At  an  earlier  period  be  superintended  the  inquiries  t'onceming  the 
Bristol  and  Somerset  coal  field  for  tbe  Boyal  Coal  Oommission,  and 
>iepared  reports  (published  in  1871)  on  that  area,  and  on  tbe  proba- 
nlity  of  finding  coal  under  the  newer  formations  of  tbe  south  of  Eng- 
and.  With  regard  to  the' latter  subject  be  took  a  favorable  view,  and 
observed  that  we  might  look  for  coal  basins  "along  a  line  passing  from 
Badstock,  through  tbe  vale  of  Pewsey,  and  thence  along  tbe  Kortti 
Downs  to  Folkestone."  The  results  of  the  Dover  boring  have  so  far 
joatifled  this  conclusion,  which  was  based  on  the  acute  geological  rea- 
Bonings  of  Godwin-Austen.  At  various  periods,  moreover,  he  described 
uuportant  well  sections  at  Tarmontb,  Harwich,  Kentish  Town,  and 
Heox's  brewery  in  I«Ddon. 

The  completion  of  his  labors  among  the  Eocene  strata  allowed  Prest 
wich  to  devote  more  time  to  the  newer  deposits  which  had  ou  varioos 
occamons  engaged  his  attention. 

He  had  examined  tbe  Norwich  Crag  as  early  as  1834,  in  company 
vith  S.  Woodward,  and  he  then  found  a  tooth  of  Elephaa  meridumalia 
in  tbe  Thorpe  pit  Accompanied  by  Godwin- Austen,  Moms,  and  Alfi^ 
"lylor,  he  bad  in  1849  made  a  short  excursion  into  tbe  crag  district, 
and  he  then  suggested  thut  the  fossiliferous  shell  bed  which  overlies 
Ute  Red  Crag  at  Chilleeford  might  represent  the  Norwich  Crag.  He 
ntomed  in  1858  to  the  subject  of  the  crag  in  his  description  of  the 
Kmnants  of  tbat  deposit  which  occur  at  Lenbam  and  other  places  on 
tbe  chalk  areas  of  the  North  Downs.  Although  tbe  species  of  fossils 
v«Te  bnt  doubtfully  identified  by  Searles  Wood,  and  some  authorities 
G^e  to  r^ard  them  as  probably  Eocene,  yet  Preittwicb  contended  for 
their  Pliocene  age,  and  his  views  have  been  fnlly  confirmed  by  the  sab- 
seqnent  observations  of  Mr.  Clement  Beid.  CiiciqIc 
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Ill  1868  he  cniamanicated  to  the  Geologii^al  Society  the  firt^  pan<tf 
bis  elaborate  vork  Ou  the  Structure  of  the  Crag  Beds  of  Saflblk  aad 
Korfolk.  The  three  parts  were  pablished  in  1871.  They  contMoed 
the  results  of  bis  loug  labors,  and,  as  he  remarks,  "The  greater  port  ct 
my  observations  date,  iu  fact,  so  far  back  as  from  1845  to  1855." 

Ill  some  respects  this  was  iinfortaDale,  siuL-e  the  author  had  beea 
too  much  occupied  to  work  out  the  results  of  his  observations  whtVr 
they  were  quite  &esh  in  his  iniud;  moreover,  he  did  uut  fully  reaUv 
how  much  bad  been  done  by  previous  observers.  In  omitting  to 
notice  iu  detail  work  that  had  been  previously  published,  he  obs^xed. 
"I  maybe  further  Justified  in  this  course  by  the  circamstaoce  thai 
my  own  researches  are  in  great  part  anterior  to  most  of  the  papeni  in 
question" — a  plea  that  fails  to  satisfy  the  worker  who  is  keeii  ou 
priority  of  publication.  One  uotewortliy  result  of  this  was  the  intrr»- 
duction  into  Norfolk  of  the  term  "  Westletoii  Beds,"  for  strata  \m- 
viously  described  at  certain  localities  by  Wood  and  Harnier  under  tbr 
name  of  Bure  Valley  Beds.  It  has  now  been  clearly  shown  that  the 
Bure  Valley  Beds  (of  the  Bure  Valley)  are  of  earlier  age  than  the 
Westleton  Beds  (of  Westleton),  the  former  being  Unked  with  itm 
Norwich  Crag  (Pliocene),  and  the  latter  being  rightly  regarded  by 
Prestwicb  as  Pleistocene.  What  may  be  the  particular  horizon  in 
the  Pleistocene  group  of  the  Westleton  Beds  is  still  a  matter  of  dis- 
pute. No  fossils  have  yet  been  found  iu  the  Westleton  Beds  at  Wes- 
tleton, and  it  is  therefore  a  matter  of  great  uncertainty  as  to  bow  far 
correlation  is  Justified  with  the  other  unfossiliferous  pebbly  gravels  of 
the  eastern  and  southern  counties  of  England.  Prestwicb  has,  how- 
ever, published  a  series  of  papers  ou  these  scattered  deposits,  and  the 
facts  which  he  has  made  known  must  always  prove  of  value,  while  his 
theoretical  conclushins,  which  have  added  largely  to  the  interest  taken 
in  the  subject  of  gravels,  can  not  fail  tu  have  beneficial  resnita. 

The  importance  of  an  attentive  study  of  the  Glacial  Drift  and  other 
superficial  detHtsits  was  pointed  out  by  Joshua  Trimmer,  and  he  was 
followed  by  S.  V.  Wood,  jr.,  who,  pursaing  the  subject  in  great  detail, 
persoually  surveyed  on  the  linch  ordnance  maps  large  areas  of  the 
eastern  counties,  and  stimulated  others,  like  Mr.  F.  W.  Harmer,  in 
Norfolk,  and  the  Jtev.  J.  L.  Home,  in  Lincolnshire,  to  cooperate  with 
him.  Prestwicb,  meanwhile,  had  made  piirticular  observations  here 
and  there,  and  chietly  between  the  years  1855  aud  18C1,  in  Holdeme.ts, 
at  Mnndesley,  lleculvers.  Hackney,  Salisbury,  and  Brightoo.  Be 
devoted  his  attention  more  especially  to  fossiliferoas  deposits  of  valley 
drift  and  to  raised  beaches.  He  described  a  few  sections  of  (ilaeial 
Drift,  but  did  not  yet  enter  into  any  general  discussions  with  regard  to 
the  classificatiou  of  our  Pleistocene  deposits. 

tlis  most  important  researches  among  the  latter  deposits  were  noques- 
tiouably  those  relating  to  tlie  valley  or  river  gravels,  aud  to  the  occur- 
lence  iu  them  of  Hint  implements  aud  certain  fossil  mammalift. 
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The  tliHcoveries,  made  knowu  in  1S47  by  Boucher  de  Perthes,  of  Hint 
reapou»  together  with  teeth  of  the  mammoth  ia  the  gravels  of  the 
totnne  Valley  had  attract«<l  the  attention  of  Dr.  Palcouer,  and  he 
adaceil  Prestwitih,  in  I8r}9,  to  inveatlgate  these  most  interesting 
leposits.  After  carefal  study,  in  which  ho  wns  joined  by  Sir  John 
'jvauB,  be  satisfied  himself  that  the  tliiit  implements  were  the  work  of 
oan,  tbat  they  occurred  uudiKturbed  in  beds  of  sand  and  gravel, 
ogetber  with  remains  of  mammoth,  Rhinoceros  tiehorhinim,  Hj/wna 
•peUra^  and  other  Pleistocene  mammalia. 

These  researches  were  iu  partstimnlateal  by  the  discovery,  in  lS58,of 
litit  imiilemeuts  with  bones  of  extinct  animals  in  firixham  Cave;  and 
;hey  served  to  confirm  the  previons  and  l»ng-neglect«d  discovery  of 
Siot  iinplemcutH  in  Kent's  Hole,  Tor^iaay,  made  by  the  Rev.  John 
Nf'iVcEiiery.  Sir  John  Hvans,  moreover,  dire<^ted  attcution  to  thefor- 
gotteit  discovery  of  fliut  implements  at  Bo\ne,  in  Suffolk,  a  fact 
oiigiually  publishetl  in  1800.  No  time  was,  therefore,  lost  in  visiting 
this  and  other  English  localities,  and  the  results  weio  brouf;ht  before 
the  lioyal  Society  in  1359  and  I8G:J.  At  the  conclusion  of  his  second 
paper,  Prestwich  rcmiirks:  "That  we  must  greatly  extt^nd  onr  present 
chrouology  with  respect  to  the  first  existence  of  man  ai)pearH  inevita- 
ble; bat  that  we  should  count  by  handreds  of  thousands  of  years  is,  I 
am  convinced,  in  the  present  state  of  the  inquiry,  unsafe  and  prema- 
ture." In  his  latest  observatious  on  the  subject  he  has  expressed  his 
belief  "that  Palicolithic  man  came  down  to  within  10,000  to  12,000 
years  of  our  own  time,"  while  he  may  have  had,  "  sup]>0King  him  to  be 
of  early  (ilaciul  age,  no  greater  antiquity  than,  perhaps,  about  from 
38,000  to  47,000  years."    (Collected  Papers,  p.  46.) 

For  his  original  researches  ou  the  valley  deiKisits  yielding  implements 
and  weapons  of  Pahcolithic  man,  Prestwich  was  awarded  a  royal 
medal  by  the  Uoyal  Society  in  1865,  The  fall  report  on  the  exploration 
of  the  Brixbam  Cave  was  prepared  by  Prestwich  and  cummnnicated  to 
the  same  society  iu  1872,  the  animal  remains  being  described  by  Bask, 
and  the  fiint  implemeuts  by  Sir  John  Evans. 

About  the  time  of  his  retirement  from  business,  in  1872,  Mr.  Prestwich 
married  the  niece  of  his  old  friend  I>r.  Falconer,  and  settled  in  a  house 
(Darent  llulme)  which  he  built  at  Shorebam,  near  Sevenoaks.  lie  was 
not,  howevei',  to  retire  from  active  geological  work.  After  the  death 
of  John  Phillips,  in  1874,  he  wasoffereil  the  professorship  of  (ieologyat 
Oxford,  and  this  be  accepted,  uow  spending  a  portion  of  his  time  in 
that  city.  The  duties  of  a  geological  professor  at  Oxford  are  not,  per- 
haps, very  onerous,  but  Prestwich  filled  the  oflice  with  dignity  and 
iulvantage  to  the  nuiversity.  Phillips,  who  excelled  in  eloquence,  bad 
at  times  no  more  than  three  students,  as  geology  received  no  eniwur- 
^metit  from  the  university  authorities.  Few  geologists  of  note  have, 
therefore,  hailed  from  Oxford  as  compared  with  Cambridgr,  and  we  call 
to  mind  only  Edgeworth  David  (now  professor  of  geology  in  the  Uui- 
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ver»ity  of  Sydney)  sad  F.  A.  Batlier  (of  the  Oeological  Departnett. 
British  Museum),  who,  trained  in  geology  under  I'reatTich,  liave  aow 
gained  distinction.  His  field  excursions,  liowever,  were  always  lii^j 
appreciated  by  many  wlio  fonnd  no  time  to  uursae  tbe  science  in  ate 
life. 

YoriouB  papers  proceedeil  now  from  bis  pen ;  be  dealt  vitb  tbe  nmch 
discussed  origin  of  the  parallel  roads  of  (tien  Boy,  nnd  be  wrot«  on  tbe 
agency  of  vater  in  volcanic  eruptions,  believing  that  the  water  was  bat 
a  secondary  eaase,  and  that  the  phenomena  were  dei>eDdent  on  tbe 
effect  of  secular  lefrigeratioo.  He  dealt  also  with  the  problem  of  tite 
thickness  of  tbe  earth's  crust,  and  pablisbed  an  elaborate  p^ier  <a 
underground  temperatures. 

He  also  made  a  special  stady  of  the  Chesil  Beach,  coming  to  the  oob- 
olusion  that  it  was  a  wreck  of  au  old  and  extensive  raised  beach,  d 
which  a  remnant  still  exists  on  Portland.  Uis  view  concerning  the 
comparatively  recent  date  of  the  Weymouth  anticline  baa  not,  bowent, 
proved  to  be  sound. 

Daring  his  term  of  professorship,  Preatwich  wrote  his  weO-ksown 
work  entitled  "(Jeology — Chemical,  Physical,  and  StratigrapbicaL"' in 
two  volumes,  published  iu  1886  and  1388,  a  work  admirably  illustrated. 
In  the  first  volume  he  remarked  that  among  geologists  two  schools 
haye  arisen,  "  one  of  which  atlopts  uniformity  of  action  in  all  tiiwv 
while  tbe  other  considers  that  the  physical  forces  were  more  active  and 
energetic  in  past  geological  periods  than  at  present."  Advocating  this 
latter  teaching  he  felt  be  should  be  "  supplying  a  want  by  pladoK 
before  the  student  theviews  of  a  school  which,  until  of  late,  has  hardly' 
had  its  exi>onent  in  English  text-books."  He  indeed  protested  on 
many  occasions  against  tbe  doctrine  of  uniformity  of  action,  both  in  kiixl 
and  in  degree.  Such,  indeed,  was  the  teaching  of  Ramsay  in  his  pree- 
idential  address  to  the  British  Association  at  Swansea  in  1880.  Thai 
geologist  referred  to  tbe  great  changes,  of  which  we  have  evidence  in 
comparatively  late  geological  times,  in  the  upheaval  of  mountain  cbaiiu 
and  in  tbe  vicissitudes  of  the  (ilacial  period;  and,  in  regard  to  vol- 
canoes, he  believed  that  "at  no  period  of  geological  history  is  there  any 
sign  of  their  having  played  a  more  important  part  than  they  do  in  tbe 
epoch  in  which  w©  live."  Ramsay  based  his  argument  on  the  record  of 
the  rocks,  and,  leaving  out  of  consideration  cosmioal  hypotheses,  be 
eouclnded  that,  from  tbe  epoch  of  oar  oldest  known  rocks  down  to  tbe 
present  day,  "  all  tbe  physical  events  in  the  history  of  the  earth  have 
varietl  neither  in  kind  nor  in  intensity  from  those  of  which  we  now  have 
experience.''  This  conclusion  may  be  takeu  to  mean  that  any  kinds  ol 
physical  change  that  have  happened  in  tbe  past,  since  the  earliest  rocks 
were  laid  down,  may  happen  again,  and  we  believe  that  this  is  the  real 
view  of  the  Cniformitarian.  Mr.  Teall  again,  in  1893,  forcibly  urged 
-ims  of  the  Uniform) tarian  school,  pointing  out  "that  denudation 
ositloa  were  takiug  place  in  pre-Cambrian  times,  nnder  chemi' 
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sat  and  physical  conditionB  very  smiilar  to,  if  not  identical  with,  thoto 
>f  the  present  day."  All  geologistB  seek  to  interpret  the  past  by  the 
i^fat  of  the  present;  bat  while  Unifortnttariaos  (as  they  are  called) 
lemaod  time  nnlimited,  their  opponents,  sometimes  spoken  of  as  Catas- 
:rophi8t8,  would  rather  infer  a  greater  potency  in  the  agents  of  upheaval 
}r  (lenadatiou  than  grant  an  nnlimited  amonnt  of  time. 

As  Prestwich  puts  it:  "Kot  that  time  is  in  itself  a  difficulty,  but  a 
time  rate,  assumed  on  very  iusaSicient  grounds,  is  used  as  a  master 
key,  whether  or  not  it  fits,  to  unravel  all  difflonlties.    What  if  it  were 
SDggested  that  the  brick-built  pyramid  of  Flaw&ra  had  been  laid  brick 
by  brick  by  a  single  workman!    Given  time,  this  would  not  be  beyond 
the  bonnds  of  possibility;  but  fTature,  like  the  Pharaohs,  had  greater 
forces  at  her  command  to  do  the  work  better  and  more  expeditiously 
than  is   admitted  by  Uniformitarians."    (Collected  Papers,  189fi,  p.  2.) 
He  maiutjtined  that  modern  estimates  of  denudation  and  deposition 
and  of  rates  nf  upheaval  and  depression  were  no  test  of  what  happened 
in  the  past ;  that,  in  fact,  the  [mtency  of  agents  had  diminished.   Refer- 
ring to  the  Qlacial  period,  in  his  inaugural  lecture  on  "The  past  and 
fntnre  of  geology,"  delivered  at  Oxford  in  1875,  he  thus  expresaes 
himself:  "  This  last  great  change  in  the  long  geological  record  is  one  of 
so  exceptional  a  nature  that,  as  I  have  formerly  elsewhere  observed 
(Phil.  Trans.,  1864,  p.  305),  it  deeply  impresses  trie  with  the  belief  of 
great  purpose  and  all-wise  design  in  staying  that  progressive  refHgera- 
tion  and  contraction  on  which  the  movements  of  the  crust  of  the  earth 
depend,  aud    which  has  thus  hod  imparted  to  it  that  rigidity  and 
stability  which  now  render  it  so  fit  and  suitable  for  the  habitation  of 
civilized  man;  for,  without  that  immobility,  the  slow  and  constantly 
recurring  changes  wonld,  apart  from  the  rarer  and  greater  catastrophes, 
have  rendered  our  rivers  unnavigahle,  our  harbors  inac^icssible,  our 
edifices  insecure,  onr   springs  ever  varying,  and   onr  climates  ever 
changing;  and  while  some  districts  wonld  have  been  gratlually  uplifted, 
other   whole  conntries  must  have  been    gradually  subniorged;  and 
against  this  inevitable  destiny  no  human  foresight  could  have  pre- 
vailed." 

His  great  text-book  on  geology,  to  which  we  have  alluded,  will  remain 
Asa  monument  of  his  zeal  and  untiring  labor.  On  its  completion  he 
resigned  bis  professorship  and  retired  to  his  quiet  home  among  the 
chalk  hills  of  Kent.  There,  however,  he  maintained  his  interest  in  his 
iavorite  science  and  continued  to  labor  to  the  very  end  of  hir*  days. 
Soon  after  leaving  Oxford,  in  1888,  he  was  called  dimiii,  oh  our  hswling 
geologist,  to  preside  over  the  meeting  of  the  International  ( icologiciil 
OoDgress,  which  then  held  its  fourth  section  in  London. 

The  study  of  the  drifts  of  the  south  and  southeafit  of  Kngland  now 
absorbed  most  of  bis  time,  and  he  devoted  more  attentlr>n  to  the  group- 
iogof  the  later  superficial  deposits  and  to  the  gnuit  pliyMicAl  chnngcH 
to  which  they  bear  witness,     llis  ideas  ou  all  these  topics  have  not 
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met  with  tbe  nnanimoaM  approval  of  geologists,  nor  w.is  such  a  happy  < 
result  to  be  expected  on  a  complex  subject  where  tbeie  is  great  room  ' 
for  diversity  of  opinion.  His  views  on  tbe  primitive  character  of  the 
Bint  implements  of  tbe  vbalk  plate»a  of  Kent  have,  however,  opened 
ap  a  new  and  interesting  inqairy,  and  one  more  likely  perhaps  to  i^sin 
sapiKtrl  than  his  evidences  of  a  submergeaee  of  Westt^n  Enrupe  at  the 
close  of  tbe  Glacial  [)eriod,  and  tbeir  bearing  on  qnestions  relating  to 
the  tradition  of  a  flood. 

It  is,  however,  yet  early  to  Judge  of  these  controverted  question.^. 
They  re(|uiri-  further  detaile<l  study  and  impartial  consideration,  and 
whatever  couclasioiis  be  eventually  a<rvepted,  there  <;aD  be  no  doubt 
that  the  patient  and  enthusiat^tic  labors  of  Prestwich  on  these  most 
difficult  problems  will  have  largely  contributed  to  their  solution. 

Throughout  his  long  life  Prestwich  felt  deeply  indebted  to  geology, 
and,  as  be  once  put  it,  not  merely  because  it  was  a  source  of  heftltbfitl 
recreation,  but  "  for  ils  kindly  and  valued  associations,  and  above  all,    i 
for  the  high  communing  into  which  it  constantly  brings  us  in  the  ooD- 
temptation  of  some  of  tbe  most  beaatifnl  and  wonderful  works  of  tbe    i 


In  tbe  early  part  of  tbe  present  year  Her  Majesty  conferred  the  honor 
of  knighthood  upon  bini,  but  Sir  Joseph  Prestwich  was  too  feeble  in 
health  to  ucttept  it  in  person.  He  died  on  June  33,  and  was  buried  io 
the  churcbyaid  of  Sborebain,  near  Seveuoaks,  not  far  from  his  pleasant 
home  of  Dareut  Uulme. 
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nenry  BmgBch  was  b»ni  in  Berlin  un  February  18,  1^27,  and  tie 
died  there  on  Septeniber  !>,  IS!)-].  Ho  lias  bimtielf  tuUI  in  bis  I{«coII<m^ 
tions  vliat  be  wisbed  to  bare  known  of  hiH  life.'  To  that  bonk  I  refer 
tbost!  wlio  wish  to  know  what  tbe  man  waK,  and  Hliall  content  myself 
witli  8]>eiiking  bere  of  what  we  owe  to  tbe  scliolar. 

The  early  yearn  of  his  scieiitilic  career  were  entirely  devoted  to  tbe 
study  of  the  languago  and  tbe  popular  script  of  the  aurieut  Egyptians. 
He  began  these  studies  while  still  at  college,  alone  aud  without  any 
help  save  that  of  the  aged  PasMiilacfjua;  hut  be  progressed  so  mpidly 
and  no  well  that  hi  1848,  when  but  21  years  old,  lie  puhtrslied 
liiH  first  memoir,  Hcriptura  .'Egyiitioruni  Demotiva,  ex  Papyris  <-t 
1  iiReriptionibns  Explanata,^  in  wbieh  be  gave  tbe  first  ontlineK  of 
Demotic  grammar — imperfect,  it  is  true,  and  following  tbe  principles  of 
exaggerated  pboneticism  which  F.  de  Simcly  had  eudeavore<l  to 
liitDHhict'  into  that  branch  of  Egyptology.  Lepsius  criticised  tbe 
attemjit  of  the  young  man  with  unmerciful  severity.'  E.  dit  Ttoug^ 
Wits  more  indulgent.  He  saw  as  well  as  did  Lepsins  tbe  serious  faults 
of  the  hooli,  hut  he  gave  full  Jnsticte  to  the  power  for  work  and  tbe 
intetligenceof  the  author,  and  he  tri«Hl  tosbowbim  the  right  way.  In  an 
article  entitled,  "  Sur  les  fih'-ments  de  IVcritnre  deniotiiine,"  he  showed 
bim  the  {loints  in  which  bis  system  was  wrong,  and  tanght  him  the 
method  by  which  be  might  obtain  with  certainty  the  de<;i[iliermentof 
the  signs  and  the  construction  of  the  phrases.'  Hrugsch  rei^eived  tbe 
lesson  with  gratitude,  and  immediately  correrti'd  bis  method  of  stady. 
From  this  time  be  was  ingpire<l  by  the  principles  of  de  Uong^,  and  each 

'TranBlBteil  ttiua  Aet«H  dii  Uixi<''Di«  ContpV'H  Int^matioiiiil  di>a  OricnIiiUHtaH.  nen- 
*\oa  <te  Oeni-ve,  1894.     Qimtriime  partix.     I>eiile.  IKtlT.     I>p.  W>-102. 

'Mein  I^I.eo  iiud  nieln  Wandpni.    N  .     1S<I4. 

'With  tho  Rtatemeot:  SorijAit  Henrii-im  RriiKtM^h,  •tincipiiliiH  pritiiif  I'limiiis 
'iymii:i»ii  Kealia  i|ii<iil  Kerliui  fluret. 

'Cumpare  the  prarace  of  K.  l'.  August,  iliri<i*t»r  nr  the  icymnaiiiiiiB,  Ui  the  Si'.HptiirB 
^giptiornin  Uemotii;]!. 

■Kda  Rong£  Lettre  ii  M.  dn  Saiilcy  mir  IfH  •■If-umatM  Ad  IVrritura  •l<*niotii|ii.-,  Id 
tbe  RevDi'  Archtelogiqiie  le  HMe.     )H18.     \  uL  V. 

.-,   687    I 
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new  memoir  evinced  new  progress,  whether  it  treated  of  the  sigDa 
employed  in  popular  script,'  or  showed  the  identity,  by  means  of  the 
demotic,^  of  the  liieroglyphic  inscription  of  PhiUe  with  the  decxeeof 
Rosetta.'  The  same  ia  true  of  his  Doctor's  thesis,  in  which  he  gave  i 
re8um*5  of  the  grammiitical  system  which  prevailed  in  Egypt  in  tkecar- 
liest  period  ;*  of  an  article  in  which  he  showed  the  identi^  of  a  Gieek 
fragment  of  our  lihrwy  with  the  demotic  papyrus  Minatoli  18  of  the 
Berlin  Museum,'  and  of  the  chrestomathy  of  demotic  texts,  aocaratety 
translated  and  analyzed,  which  he  att«mpted  to  oonstmct.'  All  tb«ce 
puhlications,  »o  little  known  to  the  present  generation,  belong  to  Uw 
best  ])abli8hed  in  their  time.  The  errors  were  numerous,  it  is  true,  ai^ 
the  works  have  been  severely  criticised,  but  we  feel  everywhere  the  pn>- 
found  love  of  the  scholar  for  his  subject,  and  we  must  admire  the 
infinite  resources  of  sagacity  and  patience  which  he  expended  to  raa- 
pensate  for  the  real  imperfectious  of  his  philological  education.  Had 
lie  died  at  that  time,  and  left  nothing  else  behind  him,  he  woold  have 
been  reckoned  among  the  masters  of  Egyptology,  in  the  first  dan 
with  those  who,  not  content  to  walk  further  in  the  trodden  path,  have 
opened  new  roads. 

At  first  he  had  neglected  the  hieroglyphs.  Now  he  ardently  begaa 
their  study;  but  he  had  not  yet  made  himself  master  of  th«n  when  be 
undertook,  in  1853-54,  with  the  help  of  the  King  of  Prussia,  his  first 
voyage  in  Egypt.  There  lie  met  Aiariette,  and  spent  several  monthsin 
the  Serapeum  studying  the  recently  discovered  demotic  inscriptions. 
14^ext  he  went  to  the  Said  and  remained  a  long  time  in  Thebes.  He 
gave  an  account  of  his  travels  in  a  notice  on  the  Natron  lakes,'  but 
eBi>ecially  in  his  R^cits  d'Egypt«,'  where  he  describes,  after  Chaa- 
pollioii,  and  analyzes  the  monoments  and  inscripticHiB  he  bad  sees. 
The  first  result  of  this  long  excnrsion  in  the  land  of  the  Pharoahs  was 
that  it  furnished  him  with  the  material  necessary  for  his  OrammMrt 
D^olique.^    This  book  appeared  in  1855,  and  it  has  endured  fat  forty 

'  Nniu^rvram  apnd  TeI«T«s  ^^fptioe  Demotirorum  dortrioa.     Beriin.    1819.    4-. 

*  Die  lusrhrift  Ton  Riywtte  nacb  ibrvm  ae)Cjptisch-<iani>tisrhen  Toxta  apTsrhlkh 
unil  Barhtii-h  erklirt,  first  p»rt  of  thv  Sammlang  demoUsebtc  Ctfcandeii.  Satim. 
Folio.     i(!.>0. 

>r«berFins(ininiaii);ein»r  faien^lyphisrben  iDMhrifl  von  Philae  mit  ^m  gliM^ 
iMheu  n»<l  (leaiotiKhi'u  AnraD^trsto  d>«  Dekretee  toq  Eooette.    Berlin.    1M&   1-. 

<  l>e  Nature  ■>t  Inilolu  lingDiP  popnlaria  Jlgjptioram.  I.  De  Donuse.  de  dialtrIM, 
dolilleraniniwDis.     tWriio.    !«-.     1850. 

*  |j>tti«  ^  M.  il»  Koiii;<'  >u  yiiji't  iti'  U  d^ooorert*  d'no  maiiiurTit  bQin^e  isr  pap;- 
ni8  rit  ^ritni*  d<'iuoii>.-«.«gvptiMiiie  et  ea  gTe«  canif  de  I'an  114  sTmnt  nutR'  rrs. 
BrrTiu.    4  .    1850. 

■S:tiuiiiltin^  deuii>ti!4-her  I'rkniiiliMi.     Berlin.     4^.     IfCOl 
'  Wsiidniug  n>ch  den  Natrv>nklr>dti^ni  in  .\egjrp(«D.     Berlin,     t^,     1K5. 
■  Ktisptvrirhte  aus  A^vptrii.  iibrr  eior    in    den  Jalirm  18G3-34  OBtemaanMM 
iiiaseavliatllii'be  KrLsr  uarh  iletii  Nilthilr.     Leipzig.     l8GQu    9^.    COnpAie  K«ranl 
.!» M«M.iii.ienta,    v.-U-I-U.    I.*ip7ig.    4.    I(iti3- 

'^nuumiur^   lVruoti<iit«-.  r»iii<Miant  Im  fii-fipes  g^B^nax  de  la  lanenr  M  it 
Mim pvpulaiiv d<M «o.-ieiii)  tjyptirusl.     Berlin.    FoliA. 
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yeara.  It  contsiw  »:3  *«<t*  -■-  w-i^tc: Tvi?^ aa-:  iwr*  :>  s^*  •'oe  pfcre 
which  mold  rcsuin  i£.t*r^  I'Oci^'l.:!  ■;  :«.'..^:::.£  *  &««  «diai«: 
bnt,  in  sack  a  esse,  we  sss  3n>7  ^~^-c*  tm-  v^3«  <'  a  «>«-t  bj  i^ 
errors  irhich  arr  Milci^:3c£irT  c.?<(t>T>:v<'I.  ~:irra:.^«  ::  \^^  utmi  m 
render  gen«atitHi#  ■•f  s«  iAi*«  ~>Tur  kriMc  li^i  »■**  ;jr  *a;b-«-.  We 
mast  always  jmioirp  *L*J  ;if'-  '■'Lt-.*  'i  «(jr=.:»-  w*-  «:  iLr  •.  aea  *"«>ck 
iippears.  and  Ibns  H»r-,»«-:r*  •.Lr  *i«fcjt=K«  A^i  :;--..<^*:.(y-  .if  tbraerr- 
icee  reodered.  I»ea.«rt:<  ixi  -■  -:  Vr-a  r*-^  ;«c-'vc*  1  r=j-<i.  fiirii  the 
proce«ae8  of  reading  asd  :':.*  *tt.:jx;  i~  *■■  ■  -*  i>  ^^t-m*  -.tr  a;^«ared 
it  was  merdf  iier««Mi7  to  *=.; :  t  1^-  ri>-  i"  <■  tL*  deri:  l«;aei:t  and 
tnterpretatioo  of  tht  iexi&  Hr  o  .i^^««-:  il:*  f»;  ~t  w^J  that  aA«r 
1S55  he  DO  loDgfT  gave  ii>  -tzidj**  .•?  :i  j  i.  -rt  :i«  r-::>r  L.iijeno  (leriitced 
to  them.  Be  traB^UiM)  He  u^->:-  of  :>b-;<A;t.  «i.  hi  pare  kin 
the  opportunity  to  comet  :L«  mctrcd  ^it-^^  o::  t^e  li.TisH'a  <:rf'  the 
Bgyptian  year,-  the  b::mfiL,u  lAf-yri.  vi:-  b  l:-.^<j  ^^■■!  i^v^gbt  frw 
Thebee,*  and  ocea«:o!ij::y  :;r»-  ia-^-iti-rl--- ?.  Ir;:  l*  ;<-S  it  t.«  oiLets  to 
complete  what  he  lud  so  \>r'.'.'li£.:'.\  \-^z".^.  Tie  t-istLx  ••f  <l«iDotic  is 
accompanied  liy  an  incoovei.ie:^!:*  :o  vLxL  :ije  Kr><r.g>e»t  v:2  haanate 
than  once  yielded.  The  leij.-  are  »>  ~bi»;:  j:,.!  i-vki:a;i,  f-rr^^  b»  carioaB 
that  the  most  careftil  f»i::si::.:>!-r-.iL  urv^r  rt:  ■ier;i,rclian»(-ter,  Fbuto^- 
rspby  is  not  always  Miffit:-«nt  to  re;>rtMi::i.f  iLea.  a;.il  it  :s  Dc«v^aiy  to 
have  the  originuls  at  hai-d  to  B~der>;^Di|  )^>aie  [utssj^vst  vilfa  «r- 
tainty.  Only  a  maseom  ■-ara;i4'.  «L»  h.««  tie  [upyri  a;  ti:s  disposalf 
cim  continue  with  son**.*  the  st^-iy  o:  ■ir3>t:i»-.  fULirt  Egyiriuki^stfl 
have  always  been  obligeiL  by  ibe  fon-e  of  vizfata^i»w^^  to  pve  it  ap 
after  a  certain  time,  no  matter  Im^w  ii.:efe^ted  they  were  or  bow 
brilliantly  tiiey  had  l«^n. 

Bat  Bmj^b  had  better  work  u>  iIk  tiiao  to  a'-nsorb  him-ielf  in  the 
Interpretation  of  these  aotbankfiil  aod  mo-t  fa^ixlion-t  t«-xi.s.  Two 
subjects  had  especially  oivn pied  him  il:iri::g  b:^  -tay  on  theUwkaof 
the  Kile,  the  history  and  the  ani.-i*^ut  geoeraphy  tit  tin-  coontry.  The 
history  still  rested  on  the  ae«oaiit  wrinen  by  C'baniiH.niou-Fi^n^ae.  aJto- 
the  posthomoos  note  of  hi"  brother,  for  tfa<^  series  of  the  Univers  Pit- 
toreaqae;  while  for  the  ;:<^>;;Tai>hy  there  were  only  tlie  accounts  of  tbe 
classical  wid  Coptic  epoch,  bmugbt  t<r?etber  in  I'Egypte  ftons  lee 
Pbaraons  by  ChampoUion-le-Jenne.  and  in  tbe  Memoires  historii|ue« 
et  gfegrapbique  of  Eticniie-<^aatrenit-re.  HarrLt  bad  just  fnand  ont 
the  value  of  the  lists  entrrared  on  the  nionuments  ami  bad  pnbli-ibed  a 
few.'  BmgBch  brou^t  back  new  ones  an<l  by  comitaring  tbem  with 
the  old  lists  dednced  the  entire  aeries  of  names  under  tbe  native  Pba- 

'Nonvenn  reclierchca  nir  U  diviiii'>D  iIi-  l'mQn>«  di^  sDci^n*  f.gi-ptiem,  HiiTJF« 
d'lu  m^moira  inr  lea  otMerTstiQim  pUnrtaire*  ruaaigatt^  <luu  qutre  tabl^ttM 
£g7ptieoii«s«n£critaK(I^BirtiqDe.    Ifc-rlin.    h  .     !<«. 

'A.  Henrj  Bhind't  i»oi  bilini^e  Papyri,  bit-raiiseh  nnil  dnooti^^h,  iihataeUt 
nnd  hsTanagegebrai.    Leipzig.    1-.    l*ta. 

>HierogIrTl>ie^  8taad«rt«  r^rcwnting  pUm  in  Etcypt  mppi.ted  t^  b«  its  Xomea 
ud  Topudiiei,  coUeeted  by  A.  C.  H«iTiH.  It  B,  S.  L.    Lonilon.    4  .    Msi. 
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raotiK  as  w^  as  nnder  the  Ptob-mies.  The  catalogaes  of  Tsnqnidked 
people*  aod  of  captured  aties.  which  the  kings  of  the  eonqncnng 
dynasties  bad  tnnmbed  od  the  v-alls  of  the  temples  nf  Thebes,  showed 
him  the  utate  of  Syria  and  Ethiopia  at  epochs  of  which  there  wms  no 
previoatt  knowleil^re.  The  three  votomes  InscriptioDB  Gt-ograjAiqiies 
opened  a  new  wt^rld  to  bisloriaos  and  f^>grapher8.'  The  geogtspbers 
have  not.  it  ia  true,  tboogfat  it  worth  while  to  explore  it,  bat  the  Ejcyp- 
tologist.s  have  done  iv.  More  than  twenty  years  after,  Brngscb  again 
took  lip  a  jtart  of  the  sabject  which  he  bad  once  treated.  Uis  Dic- 
tionnaire  G<«grapbii|ne,  making  nse  of  the  works  of  Diijnicben,  and  of 
the  two  Boagi'S.  I'orrected  most  of  the  mistakes  foand  in  his  prenoos 
work,  bnt  it  contains  ouiy  the  names  of  cities  and  districtsof  thevall^ 
of  the  Nile:'  tlie  Asiatic  coontries  were  escladed,  as  well  as  the  coaD- 
triett  on  both  sides  of  the  Ked  Sea.  and  he  gave  only  very  short  artides, 
one  of  whieli,  entitled  "Ia  Table  ethnogrdphiqne  des  Anciens  Bgyp- 
tiens,** contains  views  of  remarkable  ingennity.'  His  Histoire  d'l^gypte, 
paliliflhed  in  French  about  1860,  embrace*!  the  discoveries  of  Itoug^  aad 
Marictte;*  a  second  French  edition  in  1875  was  only  a  half  success,*  bat 
the  (lerman  edition  of  1879  crowned  the  anthor's  reputation.*  Ita 
biHtory  begins  with  the  itiception  of  the  monarchy  and  ends  with  the 
Mace<lonian  conqnest,  presenting  reign  by  reign  and  dynasty  by  dynasty 
a  brilliant  picture  of  what  is  known  of  the  destinies  of  Egypt.  Tfae 
book  haB  been  translated  into  EngUsh  and  it  !s  to-day  the  cUssicai 
work  01)  the  snbject. 

Bnt  l<>:(icograpby  and  grammar,  as  well  as  history  and  get^rapby. 
engaged  ttie  attention  of  Bragsch.  He  early  recognized  the  ^t,  too 
little  iimierstood,  that  it  is  no  more  difficult  to  prepare  three  or  (bar 
tiooks  at  the  same  time  than  it  is  to  write  a  single  memoir.  The  text 
stadieil  for  a  series  of  mythological  l^ts  often  contains  passages  which 
clear  up  the  sense  of  an  obscure  word  or  reuder  possible  the  correctioD 
of  a  grammatical  rule.  If  tlie  author  does  not  neglect  to  note  any  of 
the  interesting  points  it  nearly  always  hlippens  that  in  searching  for 
materials  for  a  historical  diKsertation  he  will  collect  iacts  for  a  dic- 
tionary article  or  a  grammatical  monograph.     It  is  in  this  way  onl; 

'QeoffTnpbiwhe  Inacbriften  altiigyptischer  Denkmiiler,  gMammelt  viUimid  dw 
■or  Itefehl  KJinift  Kriebricb  Wilhelm  IV  von  PreDMea  unternommen  wiaaetuduft- 
lirbcD  Reinu  ii>  Ai;Ky?t^>i|  erliiutort  iid<1  berauagcgBben,  3  vols.    l*^.    Leipzig.   1857- 

um. 

^'IIIfltioDnairn  Oi^ograpbii]n«  ^e  I'Ancienne  Egyptc,  nontenant  par  ordTv  alphi- 
tH'Iiqiie  laiioniL-nc^itiirii  coiiipurf^o  dos  nomB  proprea  g6ogTaplii'|nM  qai  m  nacoa- 
Iraiit  iiit  IcB  I'ftpyniB.     Leipzig.    Folio.     1879-1880. 

"Olsaltiig-  -ertafel.     Berlin.    8^.    1821. 

<Illi>ti>iru  "  premiers  temps de  M>n  exjtt«ncti  Jasqu'  k  no*  joan,   1" 

partlei  I.'f  emiors  roiBindigfocs.     Leipdg.    1°      1859. 

'IllHtoIri  irtie:  iDtrodnction,  liiatoite  des  Dynastiea  I-XVU,  2" 

{■lUl.     I.fli) 

''lli'Hnhlc  r  den  rbiiraonen  nacb  den  Denkmalem  bearbeitet. 
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that  we  can  explain  bow  Bru{C>^U  was  »b)e  U>  jtublinh  bo  rapidly  ho 
many  works  of  imimrtance,  aud  tbat  he  found  himself  able  to  briiij; 
oat,  BIX  or  seven  years  after,  tbe  InscrtjttionH  Gi'-ogrHplitqut^  and  tbe 
Histoire  d'fJgypte,  bis  Dictionnaire  MiiTOglypfaiqae  at  IVmotiqne. 
Tbe  first  foar  vobimes  contained  all  tbat  be  bad  learned  during  tbe 
first  twenty  years  of  bis  life,  fromlS4$  to  1867;  tbe  last  three  addetl  all 
be  bad  learned  during  tbe  ten  years  following,  18<>8  to  188<l.'  Tbe 
riraiamaire  Uit'-roglypliique  apiieared  during  thin  interval  almat  1H72. 
It  is  not  oDe  of  bis  best  works;  but  bis  dictionary  has  reodered  and 
still  renders  a  greater  service  than  any  other  work  of  any  other  Kgyjit- 
ologist.  The  savants  of  this  generation  have  oo  idea  of  the  length  of 
time  and  amount  of  labor  their  predccessorM  required  to  create  the 
tools  wfaieh  they  lacked  for  their  work,  and  especially  tbow  in  tbe  field 
of  lexicography.  They  had  to  transcribe  all  tbe  textn  on  Hli|>8,  word 
for  word,  losing  or  wasting  time  in  work  which  can  now  be  devoted  to 
more  important  re»earcbea.  Brugsch  collected  for  iis  a  list  of  words 
and  examples  sufficient  for  tbe  understanding  of  easy  Utxts.  It  is  only 
neeessary  to  correct  the  meanings  he  proposed  to  insert  the  new  truun- 
lationa  or  terms  ankoown  to  him,  which  are  but  few  in  <;oniparison  with 
what  one  had  to  do  before  him.  Without  any  doubt  errorH  »bouiide<l 
and  serioDS  omiHsions  esisteii ;  it  will  be  necessary  some  day  to  dct  this 
work  over  again,  but  the  iwrsou  who  undertakes  the  work  will  often 
merely  need  to  copy  Bragsch  or  to  modify  him  slightly  io  onler  t^i  pro- 
duce a  permanent  work. 

Sach  a  variety  of  production  would  have  lieen  Hnfticient  for  the  activity 
of  an  ordinary  man.  Brugscb  coatd  only  satisfy  himself  by  joining  to 
this  speculations  on  the  astronomy  and  religion  of  ancient  Egypt.  He 
had  began  with  investigations  oit  the  constitution  of  tbe  Egyptian  year; 
later  he  published  his  Mati'-riaux  pour  servir  a  la  reconstruction  du  Cal- 
endrier  £gyptien,''  and  still  later  he  devoted  two  vobimcH  of  his  Corpus 
iDucriptionum  Aegyi»tiacarum  to  new  studies  of  these  unfruitliil  snb- 
iects.'  He  had  been  dnrint;  his  youth  a  friend  of  (ItaiUsch,  and  he  wiis 
imbued  with  tbe  more  than  strange  ideas  of  tbat  scholar.  Tbe  documents 
be  itossessed  concerning  the  mythology  aud  religion  of  tbe  ancient  Egyp- 
tians he  collected  into  a  large  volume,  confused  and  without  clearness.' 
This  book  is  already  a  work  of  his  old  age,  in  which  fatigue  and  dis- 
couragement are  i>erceptible.  Age  had  t^iken  away  nothing  from  bis 
physical  and  intellectaal  vigor,  but  life  hail  be<;ome  bard,  and  he  felt 

'  HieroglfphUvli-DituiDtiBcheii  Worterbuuli.  enliulteuil  iti  wiBseiiichaftliclier  Aiiuril- 
Dung  nuil  Folgn  den  Wurtarhatz  der  heilif^ea  unil  iler  Volks-Siirucbe  mid  Sibrift 
<'*r  AJten  Aef^ypter;  nxbst  Krkliiruiig  (in  ilentachor,  franzriscliiT  and  arikbixcber 
8praehe)dereinzelnen  Stiimnitt  iind  derdavun  nbgeleituteu  KonneD.  UuUt  HinweiR 
snf  ihre  VorwandBobaft  tnit  den  entaprei'beDden  WSrtcrn  doa  KoptiHi'ben  nad  dor 
i^iCiBcben  Idiome.     7  voU.    4°.     LuipzlK.     1867-1880. 

'Leipzig.     1863.    4". 

'Theaftnma  Inscription nni  AegyptiacHrnm:  I,  AatruiiomiHi'hu  und  AHtrvlogiKbe 
IoMhrrft«n.     II.  Kalendariacbo  Inxcliriften.     Luipzig.    4  .     1863-18»1.  _, 

*Reli);)un  iipd  Uythologie der  Alien  A.«,vpt«r.     Leipzig.     8'*.     1888.CiOOqIc 
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keenlj  the  want  of  apermuiieiit  iiositioD  with  »  sufficient iooomeforki* 
needs  and  Tor  a  style  of  living  in  keeping  with  his  great  lepotatioo. 
He  began  to  write  for  pablishers;  and  the  works  be  pabUshed, bi» 
W<»ld  of  Tombft,'  his  Voy^es  in  Persia  and  to  the  tarqaoise  toioo,' « 
to  the  cads  of  Ebargeh,'  his  ThesaaniB  Inscriptionani  A^jrptiacimtB. 
his  mannal  of  Egyptology,'  his  Egyptian  Commentary  on  tbe  BiUc' 
show  tzaoes  of  haste.  The  bitterness  and  the  resentment  of  a  blighted 
life  appeared  in  his  speech  and  in  his  writings.  Ofteo  when  he  camt 
back  from  a  ^'isit  to  his  beloved  Egypt  he  recovered  fais  joyousDess  mod 
prepared  a  work  written  in  the  best  spirit  of  hie  early  days.  Soch  i» 
his  essay  on  tdie  so-called  famine  st^Ie,  discovered  by  Wilboni.'  Thii 
pleaKuit  frame  of  mind  woald  soon  be  obliterated  in  Europe,  and  tk« 
reading  of  his  Beoollections  sbovs  that  toward  the  end  he  was  not  alwap 
jnst  to  the  men  of  the  new  generation.  He  died  more  admired  thu 
loved  by  all  those  who  owe  so  mnch  to  him,  althongh  he  never  qnit« 
secored  tbe  respect  and  the  sympathy  inspired  by  bis  friend  Madetb 
in  all  who  met  him. 

I  do  not  allow  myself  to  passjadgment  on  his  work,  fori  proSted  too 
greatly  by  him  not  to  award  him  a  profound  recognition.  Like  £i 
Egyptologists.  I  have  myself  corrected  hundreds  of  his  errors  or  incur 
rect  opinions.  I  have  been  troubled  by  the  disorder  which  re^ed  in 
the  composition  of  his  works  and  by  the  ignorance  he  affected  toviwi 
the  works  of  others ;  but  how  many  qualities  did  he  not  have  to  M^ 
compensate  these  defects.  Three  men  have  contribat«d  more  than  all 
others  to  make  Egyptology  what  it  is.  Ghampollion  founded  it;  E.  i* 
Songe  has  created  for  it  a  method;  Bmgsch  forged  the  tools  which  for 
a  long  time  have  served  and  will  continue  to  serve  the  scieuce  of 
Egyptology. 

'  Dif  Atgyptisobe  Graberwell.    Leipzig.    8°.     1868. 

<  Wuidemug  nach  den  TiirkiB-Hinen  and  derSinal-Halbiiisi'I.    Leipzig.   8'.   IW 

' Rei»e  D«cli  dea  grosaen  Oom  El'Khargeli  in  derlibyscbeo  Wilste,  Bo«chnitiiii| 
ihrer  Deokmalet  and  wiaMnnebaftliche  Untartucbnngen  ilbordtM  Xokomiavt  H" 
OaaeoindenamgyptiBcbBn  iDBchriAeu  »of  Stein  iind  Pap;rQt.    Leipiig.  4-.   1^ 

'Die  Aegyptologie,  AltriM  der  KntziOomngeD  mid  Forechangen  aaf  demGebielt 
der  agyptiscben  Sclirift,  Spracbe  anil  Altertbamaknnde.     Leipzig.    8°.    1891. 

'StoinsohriftnndBibelwort,  2ded.     Berlin.    8\    189L 

'Dip  bibUsoben  aicben  Jahre  der  Hnngcranotb  nscb  dun  Wortlant elner  »liiieFp- 
tiacbon  F«ls«i>-Iiuchiift.    Leipzig.    8°.     189L 
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By    IIAICKISUN    AI.LK.N,    M.    1>. 


I. 

John  Adah  Uyiieb,'  the  lirst  child  of  bU  jiareuts,  was  born  Feb- 
ruary 20,  1852,  ueur  Loutluii,  Fr.iukliii  County,  I'u.  iliu  jtareiitH  aru 
Ueiijauiiii  Luu{;eueckt;r  Ityiier  and  Anna  Frick  Uyder.  On  hiti  I'atlivr'tt 
tada  be  wim  descended  from  Micliael  Uyder,  who  wuh  one  of  three  hoiis 
whoee  father  came  from  Eugland  and  settled  ueur  Oui>e  Co«l,  Ma^sa- 
vhasetts.  Michael  Uyder  removed  fnfta  Mas-suehusettu  to  I'cnnHylva- 
Ilia,  where  hit)  deBceudaiit8  have  Hiiicu  lived.  Ilia  paternal  {^raurlmother, 
Elizabeth  Lougenecker,  the  wife  of  Adam  Uyder,  vran  of  Gemiau  origin. 
She  was  boru  iu  LaneuBter  Couuty,  Pa. 

AuiiaFriek  liyder,  tbemutliuiof  John  Byder,  was  burn  in  Maryland. 
She  it;  iu  part  of  Swiss  descent.  TLe  maternal  grat'dmotlier,  Anna 
Kelso,  was  of  Scotch  origin,  ller  greatgrandfather  wan  William, 
Earl  uf  Kel»o.  At  the  time  of  the  jK-rsecution  of  the  I'resbyteriitns  ru 
Scotland  during  the  reign  of  (Jbarles  II,  the  Earl  of  Kelso,  tJigcther 
with  his  wife,  infant  son,  and  bixxher  James,  were  comiielle<l  Ut  leave 
Scotland.  They  sought  refuge  iu  Irulaiid,  where  Jamex  Kelsu  was  ca|i- 
tured,  taken  t4)  London,  and  e.ieeutvd.  The  estates  were  uniJJMrati'd. 
A  grandson  of  William  Kelso,  above  referred  to,  came  to  America, 

'Priuled  ill  Prucemiiu^  of  tlie  Acailumy  of  Salriral  S<ii:m'-ii  of  I'liiliuleljiliiu, 
April,  1896,  li|i.  222-239.     Bililiugnplij  not  rr t>riii(.l<l. 

'Ill  the  prcpantioD  uf  tliimikctcli  Ibe  lint  of  qnealioua  jirepunrii  liy  Mr.  fi-.ilUiii  in 
his  iiioiiogra]>h  on  "Mhii  uf  tkiuucu"  WM  wut  t4>  tliu  family  of  Dr.  II><ler,  uikI  tliH 
<letail(i  in  all  rt«|>ec:t>ii  are  baned  U|>oti  tlie  miowi-rs  recKiviril.  '1  bn  i'\jii>'>ii>iiiii>i  of 
opinion  of  tliu  Hpeafci'n  at  a  uieetiug  ht'ld  at  th*-  Ai-ail<-tiiy'ri  Hall,  April  10,  I^UTi, 
luivo  1m!uii  fn)i|D(-nt)y  ij  noted.  The  wonla  "  lletuorial  l'uiiif>lil'-l,''  »  Inii  fiill»nii>[{  a 
'I  iiotatiou  refers  to  a  lirocbnra  entiticil  "  Iu  Meiiioriiiiii,'' h  Lull  i:->nipri>i»  ;iililii'ii>i-ji 
delivered  at  tliiit  luuutiii);  in  tlic  fitllowin);  order:  I>r.  Ilurriiwin  Atkn,  lir.  II:u>lilurd 
Doan,  Prof.  Iloracu  Jnyiie,  I-nif.  E.  D.  Co|*,  Mr.  Jl.  F.  Moor.',  and  I'rof.  W.  )'. 
Wilson.  Tlio  brocbure  w>a  printed  for  priiaui  •ll>>tribiiiir,n  by  a  U-.vi  udinlriTi  of 
Dr.  Ryder  in  tbe  fall  of  ISi^D.  Tbe  writer  <1<  F,ir.-i  to  «\iireM  bi-  arkn«»  IrdMtiKinl. 
tDDJanr  of  ^'-  Hyde  r'B  uBBociu  leu  for  in  format  iun,  n)|>uially  Vi  K<;v.  .l<-iiut  V.  Iliiik, 
Kcretary  of  board  of  traitves,  UDivereity  of  I'ciii.nylvani^i,  Mr.  SV.  i:.  f<>iiil,  uf  I'bllu 
delphia.  Prof.  J.  S.  Kinjpiley,  of  Tnftx  4'i>IleKe,  HawuK  liiiHeto,  Mr,  Kdwai.l  lli.H>i,>i, 
anperiulcndent  of  tbo  pablic  H'IiooIh  of  IVnn-ylvatiia,  and  Mr.  ll^rlH^rt  A,  'llll,  m:i^ 
leUry  of  tbe  United  Slate*  Y'uk  Coinuiisniou. 
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It  will  be  thus  seen  that  I>r.  Uyder  was  twice  removed  from  a 
vlio  combined  Koglisb,  SvotcU,  Uerman,  and  Swiss  traits. 

Dr.  Ryder's  fattier  was  by  traiuiog  a  farmer.  He  became  interested 
in  liorticalture,  aud  at  one  I  inie  conducted  a  large  nnrsery.  His  talente 
fbr  inveution  are  of  an  exceptional  onler.  He  bae  improved  mechan 
ical  devices  for  preserving  and  curing  fruits,  vegetable  aud  ^nitn*i 
products,  and  has  become  widely  known  iu  connection  witit  their 
manufacture  and  introductiou. 

Dr.  Ryder's  inventive  ability  can  be  traced  in  great  measare  to  hi& 
fatlier  and  remotely  to  the  Longenecker  brunch  of  the  family.  His 
mother,  however,  iiosscsses  inventive  skill  in  no  mean  degree.  Bydcr 
had  no  taste  for  music.  In  this  respect  he  resembled  his  mother,  since 
the  taste  was  well  developed  in  the  father.  He  had  a  natural  faeOitj 
for  drawing,  although  he  never  cultivated  it  beyond  what  was  neces- 
sary fur  the  illustration  of  his  papers  aud  for  the  class  room.  This 
talent  also  is  traceable  to  his  father.  His  taste  for  natural  history  iit  a 
direct  inheritance  iVom  his  mother.  While  Dr.  Kydcr  never  became 
much  interested  in  medicine,  many  phases  of  his  rtaearcfaes  are  bo 
closely  allied  tv  this  science  that  he  may  be  said  to  have  inherited  the 
taste  from  his  father,  who,  although  never  having  studied  medicine 
systematically,  had  that  torn  of  mind  which  is  constantly  tending  to 
contemplate  the  nature  of  disease.  A  paternal  aunt  of  Dr.  Ity-der 
studied  medicine.  She  was  never  graduated.  Her  medical  opinion 
was  frequently  sought  for  aud  valued  in  the  community  where  she 
lived.    She  was  also  of  an  inventive  tnrn  of  mind. 

Dr.  Ryder  early  exhibited  a  taste  for  natural  history.  When  S  yearn 
old  he  was  constantly  brin(;ing  into  the  house  brightly  colored  stouts, 
insects,  and  other  natural  objects.  At  8  years  he  knew  the  botanical 
names  of  all  the  plants  in  his  father's  nursery.  While  very  young  he 
was  noted  for  a  habit  which  distinguished  him  throughout  life,  namely, 
of  always  having  his  miud  occupied  with  something  apart  from  the 
duties  ill  hand.  Thus,  while  helping  bis  father  at  pruning  or  grafting, 
he  would  recite  aloud  passages  from  a  favorite  author,  a  copy  of  which 
would  be  found  in  his  pocket,  Uu  one  occasion,  his  father  hearing 
hearty  laughter,  asked  him  the  cause  of  his  mirth.  The  boy  replied 
that  he  wondered  how  Diogenes  felt  living  in  such  a  small  plaG«  as  a 
tub,  and  what  fun  he  must  have  had  searching  for  the  honest  man. 

Every  farmer  iu  those  days  kept  a  few  swarms  of  bees.  While  Hr. 
Ityder  was  nut  a  professional  apicultnrist,  he  knew  in  commou  with 
his  neighbors  a  ^'0<m1  deal  about  the  raising  of  bees.  Ryder  develo[ied 
an  interest  and  without  being  specially  instructed  became  proficient  iu 
the  care  of  bees,  and  throughout  life  often  reverted  to  their  habits  for 
many  i)oiutB  in  the  cccmomy  of  insects. 

At  3  years  of  age  he  began  to  receive  instruction  from  his  maternal 
grandmother,  from  whom  he  early  mastered  the  rudiments  of  German. 
He  attributed  his  subsequent  dueucy  iu  Oerman  (for  he  conld  sjMwk  it 
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like  a  native)  to  tbis  early  impression.  A  little  book  entitled  "Btblisolie 
Natargescliicbte  fiit  Kinder"  bears  Lis  name  on  the  cover  witli  the 
date  of  1860. 

Kyder  spent  the  life  Qsoal  to  a  couDtry  boy.    He  posaessod  great 
energy  of  body  and  was  fond  of  walking,  rarely,  if  ever,  usiiig  aliorse 
to  ride,  although  the  stable  was  at  his  cominand.     lie  attooded  the 
country  school  from  the  age  of  0  or  7  until  his  fifteeuth  year,  when  he 
ran  away.    Soon  afterwards  he  was  sent  to  the  aca<lemy  and  then  to  the 
normal  school  at  MillersvillG,  from  which  he  also  ran  away,  and  did  not 
retnrn  borne,  bat  lived  the  life  of  a  tramp  for  some  days  before  he  was 
detected.     He  was  severely  punished  for  both  these  escapades.     It 
appears  that  Byder  was  always  very  sent^itive  and  never  associated 
witli  boys  of  hia  age  in  the  sports  customary  to  yoath,  buc  wandered 
about  alone  through  the  woods  itnd  meadows,  collecting  insects  and 
plant8.     He  sooned  earned  the  nickname  of  "  Craxy  John."    In  the  end 
bis  father  prudently  interviewed  the  principal  of  the  academy  and 
made  special  arrangements  which  enabled  Byder  to  live  on  more  agree- 
able terms.    But  he  was  unhappy  under  restraint.    Class  work  was 
dietasteful  to  him  and  discipline  of  any  kind  re-sented.    In  order  to 
secure  bis  obedience  it  was  sometimes  necessary  to  give  him  directions 
adverse  to  those  which  it  was  intended  fur  him  to  obey.    Preferring  to 
study  in  his  own  way,  he  spent  the  greater  portion  of  his  time  in  the 
library  of  one  of  the  local  literary  societies.    He  read  every  hook  it 
coDtaiued.    He  was  greatly  influenced  by  Horace  Mann's  "  Thoughts 
for  a  Young  Man," '  a  copy  of  which  he  procured.     In  1875,  in  writing 
to  his  brother,  he  said :  "  Be  careful  of  this  book ;  five  dollars  would  not 
bay  it  if  I  were  unable  to  get  another."    In  1868,  when  in  his  sixteenth 
year,  he  wrote  home  asking  for  a  microscope,  books  on  natural  history, 
chemical  apparatus,  etc.    His  restless  spirit  caused  him  to  drop  out  of 
the  school  for  good  after  a  few  months. 

He  tanght  school  in  the  neighborhood  of  Loudon  and  afterwitrd  in 
the  high  school  of  the  county  for  three  years.  He  was  quite  successful 
and  was  much  esteemed  by  all  who  were  brought  in  contact  with  him. 
We  now  find  Eyder  in  bis  twenty-second  year  with  the  best  equip- 
ment it  was  iwssible  to  secmre  for  him  in  a  rural  district.  His  tastes 
were  defined,  and  he  at  once  matle  up  his  mind  to  devote  himself  to  the 
study  of  science.  This  decision  was  quickened  by  the  failure  of  his 
father  in  business,  so  that  Kyder  was  thrown  entirely  ujum  his  own 
resources.  Of  a  prond  disi>osition,  he  refused  all  ast^istancc  fVom  his 
relatives,  and  learning  that  the  Jessup  Fund  of  the  A<;:ideniy  of  Natural 
Sciences  of  Philadelphia  afforded  assistance  to  young  men  who  were 
desirous  of  devoting  themselves  to  the  study  of  natural  history,  ho 
came  to  Philadelphia  in  the  spring  of  1874,  and  itpjiealed  to  Mr.  Thomas 

'  A  few  Thoughts  for  a  Young  Man :  a  Lecttiro  ilcliviTeil  before  thu  l!oBt*>Q  Mer- 
cantile Library  Atieociation  on  its  2!)tb  Anniveraurj'.  Itjr  Iloracu  Mann,  Boatou: 
nekaor,  Sued  uid  Fields,  1800. 
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Meelmri,  »a  oUl  triead  of  lifs  father,  fur  udvive.  Mr.  Meebaii  states  thai 
Uyder  vUitud  him  at  hia  resideuve  in  Gc-nuautuwu.  Bis  fnudx  tr<n 
low,  itud  to  »avti  money  lie  liad  walked  the  entire  distauc«,  1^  mSa, 
froin  Pbiladelphia.  Mr.  Meehaii  was  interested  iii  Ryder,  who  wa«, 
however,  iirgeil  not  to  attempt  to  live  on  the  small  amount  of  f3  a  week 
I>ermitted  by  the  fund.  But  Uyder  was  not  to  be  deterred.  He  Mt 
contident  that  he  could  in  some  way  manage,  and  aecordiogly,  armed 
with  a  letter  of  introduction,  he  visited  tbe  academy  and  made  fomal 
:i|iplicalion.  This  was,  at  Hrat,  nnsuceeftsful,  but  in  the  latter  partof 
tbe  year  ho  was  duly  apjKtinted.  lie  n-mained  in  the  academy  asa 
beneficiary  of  the  fund  for  six  years. 

Little  is  known  of  his  private  life  during  the  grejiter  part  of  this  tima 
In  1879,  Mr.  J.  S.  Kiugsley,  now  Professor  of  Biology  in  Tuft's  Goli^e, 
Massachusetts,  was  his  associate,  and  through  him  it  is  asuertaiued  that 
Ityder  lived  ou  the  top  Hoor  of  No.  1113  Chestnut  street.  His  chambv 
and  laboratory  were  one.  Uiiper  rooms  in  business  bhvcks  were  tbei 
cheap,  and  food  at  moderate  priucs,  offeretl  for  the  use  of  employees  of 
newspaper  uflices  in  tbe  neigiiborhoo<l,  could  be  obtained  day  and  uiglit. 
Tbe  markets  and  restaurants  of  Philadelphia  furnish  plain,  wbulesoBte 
food  at  rates  which  compare  favorably  with  those  in  any  American  city. 
Meals  at  lo  cents  each  are  important  factors  in  solving  a  problem  of 
living  on  70  centa  a  day.  It  was  the  custom  of  the  proprietor  of  tlie 
restaura>ut  frequented  by  Uyder  to  put  aside  for  him  tbe  oyster  shells, 
which,  after  each  meal,  were  inspecteil  for  organisms.  In  this  way  he 
discovered  the  s^ionge  Gamarapkynenia.  Doubtless  the  work  on  the 
habits  and  food  of  the  oyst«r,  on  which  liyder's  fame  in  a  measure  rests, 
began  in  these  desultory  studies. 

It  was  a  time  of  formative  plans.  Among  these  may  be  recalled— 
an  educational  scheme  by  which  the  teachers  in  the  public  schools  were 
to  be  prepared  for  imparting  the  elements  of  biology  to  their  pupils;  a 
course  of  popular  lectures  at  the  Wagner  Institute;  and  »  series  trf 
pajiers  on  natural  history  for  a  Philadelphia  paper.  None  of  lhe»e 
came  to  anything. 

Such  a  life  in  a  region  of  stores  and  warehouses  is  well  eooogh  dar- 
ing the  week.  The  days  and  nights  are  separate<l  by  the  cbangex  in 
light — but  not  by  changes  in  babit.  But  on  Sunday  tbe  business  part 
of  a  city  is  but  little  better  than  a  desert.  Ityder  was  in  the  babitof 
ajieuding  this  day,  when  the  season  favored  his  so  doing,  in  tbe  sub- 
urban districts,  or  iu  Fairmount  Park.  It  was  ou  such  excursions  be 
discovered  Scolopcndrella  and  Eurypauropus, 

Tbe  previous  eduiration  of  Uyder  was  one  inadequately  qnalifyisc 
him  for  the  career  of  a  naturalist.  This,  indeed,  is  not  less  than  tbat 
required  to  equip  a  student  fur  any  intellectual  career  whatsoever. 
How  immense  tbe  labor  when  one  is  compelled  to  e(iuip  himself!  The 
naturalist  must  be  a  linguist  (for  there  is  scarcely  a  modern  European 

i^age  which  may  not  possess  a  treasure  for  his  needs)  j  he  is  alltbf 
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better  for  bcinp  a  draughtsman ;  he  ohoiiM  command  a  good  literavy 
style ;  h«  8hoiild  be  a  mathematician  and  physii-iat.  ICydcr,  in  these 
preparatory  years,  attempled  all  these  things  but  the  last  His 
endeavors  to  nciinire  new  languages  and  a  good  literary  style  were 
unending;.  One  of  his  favorite  pastimes  was  to  reiwl  an  essay  of  Addi- 
son twi<*e  and  tlien  write  ont  the  essay  fn>m  memory.  He  would  tben 
oompare  bis  xketcli  with  the  original.  His  tastes  in  art  were  not 
formctl,  skiid  he  rarely  alludetl  to  the  subjects  embraced  titnong  the 
bamanities. 

Mr.  W.  1*.  Seal,  the  well-known  aquarium  expert,  was  of  great  value 
to  Ryder  at  tiiis  time  in  bringing  him  all  the  unusual  H[H-eimenH  be 
detected  while  making  collections  of  fresh  water  fishes  and  plants  in 
the  neigbborhoml  of  I'hiladelphia.  At  the  end  of  his  nerrico  in  the 
Academy,  Ryder  ha<l  contributeil  tbirty-one  pa|iem,  most  of  which 
were  based  npon  studies  made  in  the  musenm  or  on  low  forms  of  life. 

In  1880,  the  National  Government  was  desirous  of  having  investiga- 
tions prosecated  in  behalf  of  the  United  States  Fish  Commission  on 
tbe  life  history  of  the  American  food  fishes  and  other  aquatic  animals, 
especially  their  embryology  and  growth,  the  character  of  their  food 
in  the  early  as  well  as  the  later  stages  of  life.  In  the  judgment  of 
Profeasor  Baird,  who  was  at  that  time  Commissioner,  no  one  in  the 
coantry  possessed  the  qualifications  to  meet  the  provisions  of  such 
ioveati^tions  in  so  high  a  degree  as  Dr.  Kyder. 

He  was  at  once  invited  to  undertake  the  work,  which  not  only  gave 
him  an  opportunity  of  systematizing  bis  studies  (these  were  alrciidy 
embracing  the  higher  problems  in  biology),  but  had  the  a<lvantageof 
placing  him  in  a  better  paid  position. 

It  is  true  that  np  to  tbia  date  Uyder  bad  given  no  special  attention 
to  fishes,  bat  he  bad  obtained  a  general  knowledge  of  the  subje<-t  at 
the  academy;  bis  inherited  talent  for  invention  lent  itself  readily  to 
the  details  of  field  work,  while  bis  acqnaintanee  with  the  lower  forms 
of  a4|uatic  life  fitted  him  for  the  study  of  the  food  of  fishes,  the  study 
of  their  young  stages,  their  parasites,  etc.* 

Dr.  Ryder  always  referred  to  this  period  with  interest.  His  first 
detail  was  to  the  field,  but,  in  1S82,  Professor  Baird  transferred  him  to 
the  National  Museum,  occasionally  only  assigning  bim  to  field  work. 
He  was  extraordinarily  active  during  the  six  years  he  remained  on  the 
Commission.  He  contribnted  twenty-nine  papers  on  the  oyst^^r  and 
oyster  cultare,  and  fifty  papers  on  the  development  of  fishes,  their 
food  material  and  methods  of  development.  All  his  <nntribut)ons 
were  carefully  prepared  and  showed  extensive  knowledge  of  the  snb- 
jects  treated.     He  discovered,  in  lft-S8,  a  byssus  in  a  yonng  stage  of 


'(1)  The  rollowing  jiapori,  prinr  lo  l»t),  n-lstMl  to  Dr.  Ryiiefii  (-ontriliiilioii  tn 
^htbyuloKf :  "On  tho  ori);ia  of  liilatcrnl  n.vmniclry  ami  tlm  nani*iroiin  H^lfnieiilM  of 
tbemiftrajiiof  lliihe«;"  •'  I'hoi^iibarmcottcn  at  very  young  tinhtm;"  " 'ITie  rBoro«t''''n'" 
'auul  in  Aphrtdodiraa  fajrainu." 
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tlio  loii^diiin  Ml/a  arenaria.  Professor  Itaird,  in  commenting  oq  this 
dincovery  in  liis  report  for  that  year,  believed  "it  to  be  of  econonie 
importance  Kinco  the  young  individnals  now  can  be  freely  handled  aad 
transported."  Mr.  Biisliford  Dean  remarks:  '^I  have  bevd  it  sud 
that  Dr.  Bydor  liiid,  in  Ills  scientiSc  work,  grown  ap  with  the  Cob- 
mission;  it  migbt,  I  think,  be  said  even  as  justly  that  tbe  Comniinioii 
bad,  in  a  mensnre,  grown  np  witb  him."'  His  personality  and  methods 
bad  stamped  themselves  npon  every  officer  of  the  Commission  to 
which  he  had  been  originally  attached  as  an  expert.  He  "merited  tb« 
confidence  and  esteem  of  everyone,  from  the  Commissioner  to  tbe 
bnmblest  attendant." 

On  the  occasion  of  his  resignation,  1886,  Professor  Baird  expressed 
himself  in  ajtersonal  letterin  these  words:  "In  view  of  the  many  years 
of  your  conuection  with  the  Fish  Commission  and  the  valuable  fiemee 
which  yon  have  rendered  by  tbe  exercise  of  yonr  professional  skill  asA 
ability,  I  accept  your  I'esignation  with  very  great  regret,"  His  wofi:, 
however,  on  the  commission  did  not  at  once  cease.  lie  was  emplojecl 
in  Tkfay  and  June,  1888,  to  investigate  the  stttrgeon  fisheries  in  tbe  Del- 
aware IJiver.'  During  the  remainder  of  the  snmmer  of  the  same  ye«r 
he  had  charge  of  the  station  at  Wrnxis  Hole. 

]lis  interest  in  the  study  of  cetacea  began  while  on  the  commissjon. 
Although  his  work  on  this  subject  was  never  extensive,  perhaps  no 
other  group  of  observations  better  illustrate  the  higher  characteristies 
of  his  mind. 

In  188C  it  was  determined  by  the  authorities  of  tbe  TTniversity  cf 
Pennsylvania,  at  the  suggestion  of  Prof.  Ilorace  Jayne,  to  found  a 
chair  of  Comparative  Histology  and  Embryology.  As  stated  by  Pro- 
fessor Jayne,  "It  was  seen  that  a  course  was  needed  which  would  pn 
students  a  thorough  knowledge  of  comparative  microscopic  anatomy, 
together  with  the  development  of  the  tissues  and  of  the  different  kindi 
of  animal  forms."'  The  chair  was  offered  to  Dr.  Ryder  and  accepted, 
though  "  he  hesitated  at  first,"  to  again  quote  Professor  Jayoe,  "becanas 
he  mistrusted  bis  power  to  teach  and  handle  large  classes  of  stud^ta, 
a  mistrust  which  was  never  shared  by  his  frieuda."  In  many  reqwctt 
the  change  from  the  duties  of  a  biological  expert  on  the  Fish  Commis- 
sion to  those  of  a  professorial  position  was  beneficial.  Be  was  do' 
enabled  to  systematize  his  time  and  permitted  to  extend  the  rangeof 
his  inquiries.  By  renewal  of  associations  at  the  Academy  of  Nataral 
Sciences  he  was  assisted  also  in  keeping  thorongbly  in  touch  with  Q» 
progress  of  his  fiivorite  science. 

In  illnstrstion  of  tlie  zeal  with  which  he  prepared  himself  for  his  ne* 
duties  the  following  extract  is  taken  from  a  letter  written  to  Mr.  Sml, 
from  Chamhershurg :  "  I  am  embracing  an  opportunity  for  the  colleclioii 

iQ,  Bulletiu,  1888,  page 231. 
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of  embryos  of  warni-bloodetl  vertebratea,  which  I  haic  itevw  vnjoyvd 
until  thin  season;  and  unte^s  one  can  give  hLtwIiole  tinte  to  the  vorfcuT 
opening  hondreds  of  femalefl  with  great  care  and  have  the  meaas  and 
time  tn  preserve  the  material  obtained  it  is  bat  very  little  nse  to  bother 
with  the  snbjcct.     I  have  eviscerates)  aiiont  five  bondrMl  rata,  niee. 
field  mice,  tnoles,  bata,  nnd  niaskrats.    I  haveafineW  of  emtityosuf  afl 
stafi^eR  nicely  iire.Her%~ed.     Besides  this  I  have  obtained  2.'i0  sffarTov'tt 
eggBiii  all  stagea  of  incubation,  which  IhaveaLtopnt  iupiodeoiMliikM).' 
After  ivn  ez{)erience  of  nine  years,  terminating  only  in  bis  deub.  it 
can  l>e  said  of  him  that  all  the  expectations  raised  at  the  tiiae  of  ki* 
appointment  were  more  tban  reahzed.     He  pnived  hiai^lf  to  )>e  a  dili- 
gent  teacher  and  an  estecmttd  i-olleagne.     As  matters  ap|M«r  to  be 
arranged  for  men  of  Ryder's  attainments,  a  univ«sity  |w*-iiwja  is  tfae 
best  available.     Speaking  for  the  personal  fide  of  hiii  eauv«r.  it  may  lie 
Haid  of  him,  as  I  am  sore  ho  might  have  said  for  himM^lf.  that  to  receive 
tlie  respectfnl  admiration  and  affection  of  popila  and  to  iaititfot*  t/r 
good  the  mental  development  of  yontb  is  for  any  man  a  MifGcit-nt  rew^fd. 
A  former  pnpil,  Mr.  H.  F.  Moore,  says  of  him:  -What  be  may  hare 
lacketl  in  some  of  the  iienal  attribates  of  a  .foeo-s^fal  te-wbcr  «^  mrire 
than  compensated  for  by  his  keen  sympathy,  hix  paju-takiiig  carr.  aad 
his  skill  with  crayon  and  pencil.    If  he  had  foond  a  fioiiit'if  iutyrrem  ia 
his  work  he  asually  invited  us  to  enter,  and  woubl  onfoM  b*  on  im 
hopes  and  aspirations  with  the  entbnsiasm  and  niinpiicity  of  yriiii' 
Yet,  after  all  i»  said,  one  most  agree  with  his  friend.  Mr.  W.  V,  UrKeaui. 
that  "  Ryder  was  essentially  the  kind  of  inveittigator  thai  it  «<^Jid  ure 
W-en  a  poblic  benefit  to  hare  established  in  an  amply  e!><l<rve<I  nnir**- 
sity  chair,  so  that  he  might  be  entirely  free  Ut  pnr*4ie  b:*  reMarfrMN 
unhindered  by  any  mere  task  work." 

I>r.  Ryder  enjoyed  perfect  health  antil  14'*-.  wbfn  U>  f/:\rv;U:A 
malaria  while  engaged  in  some  resean-hes  in  coii1i<-<rii<>;i  with  :.>  w^k 
on  the  Fish  Oommission,  at  Ridge,  Md.  He  MifTered  from  a  m-iTTf^.-^v. 
in  1888,  while  residing  in  Philadelphia.  Atwnt  ti.;«  litw*  flv-p^oia 
annoanced  itself.  He  suftered  greatly  and  beeame  ti.-u-Si  Mij»-.a'«I, 
In  the  snmmer  of  1890  he  visited  Knroiie,  bot  retarrt^l  •<r»r«:'y  at  »II 
improTed.  He  had  an  attack  of  the  prevailinf;  'u.'^.m-n/^  :»  I'fft.  »'.'l 
flora  this  time  more  serions  and  olrW;nre  ini|taim.^i.t  of  rh«  gf^^t%i 
health  ensncd.  lie  died  March  26,  IKC,  after  an  az-tit^  i'.'.tif*^  -f  »  i*-w 
tlays,  aged  43  years. 

Dr.  Ryder's  death  was  aneipected,  and  eit»re"«:'(i.*  '/f  r»^r»-t  ««<r 
aniversal.  The  daily  papers  published  detailMl  ai:iimtit»  ol  h.n  !:.'*•  w-d 
services.  Immediately  alter  the  death  the  lx*a(d  of  tnn.'***  (if  t}^ 
university  held  a  meeting,  at  which  I>r.  8.  W.-jr  MiUrli*-.'!  i«j^I»^  »  f**i 
ing  announcement.    The  board  then  |«i»-*<l  th*;  f>.Ilowj(ig  r*r«<!it,//tj; 

The  tnistees  of  the  University  of  Pennsylvania  'hiiUtr*-  ii."  ^z**  »•<•■ 
tained  by  it  in  the  death  of  John  A.  Ii>  <if  r.  Ph,  IJ„  (j(..f'-.«/r  -.f  *->«.- 
parative  histology  and  embrj-olopj-.    CalU-d  u»  that  ckiif  lu  l-v*,  i^ 
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quitted  for  H  »  roDj^nial  field  of  labor  niider  the  United  States  Firt 
Comniission,  iti  wliic.b  lie  liad  rendered  great  servi«-«  to  tbe  Oovcmmeit 
and  acquired  for  himself  a  world-wide  reputation.  Tlienc«forth  bf 
devoted  himself  equal);,  and  with  a  fidelity  and  eft'ectiveness  that  eitded 
only  with  ids  life,  to  tlie  work  of  a  teacher  and  that  of  an  investi^tor. 
His  chara(^t«nRtic  traits  were  modesty,  unselfishness,  and  sincerity  in 
tiie  scnrcli  for  truth.  To  these  were  added  a  rare  talent  for  itivertigs- 
tion,  strong  intellectual  Ciipaeity,  and  unremitting  industry;  »nd  these 
inured  not  only  to  the  benefit  of  the  school  iu  which  lie  taugbt,  Uat  to 
the  distinct  ad  van  cement,  both  in  theory  and  in  applicatioD  to  tbe  HCtenee 
of  biology,  to  which  bis  life  was  consecrated. 

The  funeral  services  were  conducted  by  Prof.  George  F.  Pallertrai, 
vice -provost,  and  the  Bev.  ]>r.  IT.  C.  MeCook,    His  body  was  cremated. 

A  memorial  meeting,  held  in  the  hall  of  the  Academy  ol  X.itaral 
Sciences  of  riiihulelphia,  April  11),  was  participated  iu  by  nieml>ersof 
the  faculty  of  the  LTniversity  of  I'eunsylvanin,  representatives  of  tfae 
Ainerican  Phihisopbical  Society,  the  United  States  Fish  Gommissioii, 
and  the  Academy.' 

Dr.  Byderwaa  elected  a  memberof  tbe  Acmlemy  of  Natural  Sciences 
of  Pbiliulelphia  .Tanuary  20, 187$,  and  of  the  biological  section  of  that 
body  November  iJt,  1.S86.  He  was  director  of  the  section  from  18SG  to 
18S.S.  He  was  ele<'ted  a  member  of  the  American  Pliilosophical  Society 
I>e<'enibcr  IT,  1830.  The  I'liiversity  of  Pennsylvania  conferred  ii|M>n 
him  the  degree  of  doctor  of  pbiiosophy,  ISSG,  He  was  also  a  member  of 
the  following  societies:  The  Zoological  Society  of  Philadelphia  (life 
member),  the  American  Morphological  Society,  the  American  Society  of 
NatnraliKts,  the  American  Association  for  the  Advaiicenieiit  of  Scionee, 
the  Assocj.ition  of  American  Anatomists,  and  the  Historical  Society  of 
PeniiNylvania. 

II. 

I>r.  Kyder  was  a  man  of  restless  mental  activity.  Plan  after  plan 
was  discussed  in  his  early  letters.  No  defense  was  offered  fur  this 
eagerness  of  spirit.  On  the  <;oiitrary,  he  says  in  one  of  liis  oulbnrsts; 
"  1  see  more  worlds  alieud  of  me  to  conquer,  so  tbat  I  have  little  time 
to  attend  to  number  one,  that  often  restive  and  tronb1eM>nie  person 
wlio  is  always  reaching  for  toys  he  ought  not  to  have,  greatly  to  tfae 
dismlvantagc  of  more  serious  matters."  (/ircumstaiices  annulled  most 
of  his  numerons  entenu^^^^i  but  the  ideas  were,  without  exception, 
adminible,  and  some  of  tliem  were  afterwards  realized  by  others.  In 
In  1S79  be  propose<l  to  establish  in  Pbilatlelpbia,  in  conjunction  with 
Mr.  W.  0.  Seal,  a  depot  of  material  for  biological  laboratories  and 
class-room  demonstrations.  It  was  intended  that  Mr.  Seal  wodM 
collect  and  preserve  the  siieeimens  wbicli  Dr.  Kyder  would  undertake 
to  identify  and  to  furnish  all  other  information.  It  was  designetl  to 
embrace  marine  and  fresh  water  as  well  as  terrestrial  forms.  In  asso- 
'iiitiim  with  his  friend,  Mr.  ■).  S.  Kingsley,  be  at  oue  time  tbongfat  of 
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'Writing  a  book  on  tho  iiifnxoria,  a  work  tbat  yet  remains  a  desiilcratuni. 
-Dr.  Ityder  Iiiul  amailyknowletlgeof  the  jrroup.  In  later  f  earn  hecon- 
atantly  reTert«l  K)  it  for  illustration  in  liis  Rtndira  of  the  niovementn  of 
protoplasm.  A  thinl  undertaking  on  the  embryology  or  lislies  was 
proiMsed.  It  never  went  furtlier  than  the  title-page.  In  1.S.S7  lie 
serioasly  contemplateil  a  text;-book  on  general  embryology.  It  was  to 
l>o  ''copiously  illnstrate<l  and  to  M't  forth  the  principle^  from  new 
points  of  view."  Totlii»  task  he  intendwl  devoting  two  or  three  years, 
Ii»  1803  ho  published,  ander  the  anspices  of  the  I'niversity  of  Pennsyl- 
'vania,  a  pamphlet  entitled  "  The  Synthetical  Masenm  of  Companitive 
.Anatomy  as  the  Basis  for  a  Comprehensire  System  of  Eeseareli." 

It  is  a  remarkable  faet  that  ]>r.  Bjder,  in  Iiis  nctive  and  versatile 
career,  never  wrote  an  extended  memoir.  Kverythinp  he  prepared  for 
tlie  press  was  the  direct  oatcnme  of  the  praelic;tl  tasks  niton  whieh  he 
'vraa  offieially  engaged. 

His  work  in  zoology '  was  not  large,  Beferenee  to  the  bibIioj.Taphy 
sliows  that  twelve  jwpers  maybe  so  elassiti«l.  He  once  said:  "Tlie 
HpcHsies  makers  are  caviare  to  me."  But  he  himself  diit  not  escajie  the 
fate  of  most  biologists  iu  the  making  of  Kpa-cies. 

I  have  given  my  impressions  of  his  disim-lination  to  Hindy  K]Mt-ieH 
eluewliere : ' 

Ineompetent  hands  the  cincidation  of  species  is  not.  as  it  has  oppro- 
brioDsIy  been  said  to  be,  a  dullard's  task  of  takint;  an  inventory  of  ua- 
tnre,  Imt  the  study  of  the  nltimateformswhieh  tlioM- organisms  a.-Hnme 
which  breeil  true.  The  shining  of  color  n;hemes,  the  exhibition  of  the 
effects  of  fo<Kl  and  climate  on  size  in  whole  or  in  )>arti,  and  of  other 
funees  by  which  minnte  diflereutiations  are  siarte<l  and  maintaineiL 
are  of  unending  interest  and  worthy  of  the  l>est  jtowers  of  the  nat- 
uralist. If  Hyder  ha^l  l>ecn  more  cloM-ly  identjfie^l  than  he  nnswith 
the  careers  of  the  great  acidemicians  who  had  prc-eiletl  him  it  would 
in  no  whit  have  detracted  from  the  value  of  his  philo>uiphi<-al  lalMirs. 
One  can  not  bnt  regret,  if  for  no  otlit-r  reason  than  lor  his  health's 
sake,  that  lie  discnntinned  those  fniitfnl  esi-nr^ions  to  onr  wimnIs, 
ponds,  and  rivers,  by  which  he  eontributwl  so  notably  to  onr  micro 
fanna. 

"While  Dr.  Ryderdid  not  identify  liinist-lf  with  7>«ihcy.  )>is  r.'iinhitioii 
may  be  said  to  rest  in  great  part  n|wn  bis  hdmrs  on  the  irior]'holo;,'y  of 
the  early  stages  of  the  development  of  fishes.  Tliis  work,  for  ihcnumt 
part,  tepreaentfl  that  accompliKbed  by  him  as  an  exf^rt  <.n  the  I'ish 
Commis.<<ioti.  Ilia  interest  in  the  fubjeet  of  ilor  natnrf^  of  n\Mfjirit  wsis, 
however,  a  deep-8eate<l  one,  and  he  was  con-*tahily  rt-vii-wrng  ma«>-<«» 
of  data  which  he  had  accnmnlat^tl  in  attempting.'  Ut  ejEplain  Ihtt  l<-iietM 

'I>r,  Rj<lfr  mule*  few  otcwnalioii'i  in  J.liyii'.l.^-ii  al  liolany.  Karlj-in  hi- '-.-if ''T, 
Ti«,1877,hoin>twlthoilt«poBiUoii<ifilir  u-ii-inl^'-r  *■*'•'«.*■"(*'•■  tJ.  twill''.  'J'liw. 
A.  N.  8..  1877,3.)  Id  1879  huo^-^TTfliU^  l,«n--)  :;^.n.i- ..f  thn  I-."  "f  f'alalpa, 
and  the  haliito  of  Inwd  rrapKtioK  tb<  mi.  .rr.-.  A.  S.  S,,  l-7'i,  H;  I'a-liiii-,  I'"!,  II, 
8;  Am.  Nat.,  1878,4.) 

'  UemoriBl  pMuplilet.  ^ 
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of  evolution.  That  these  attempts  ^honld  have  1>een  larf^cly  in  the 
direction  ofdyniiniicswnsto  beexpected,  Hincolie  was  enabled  toappl; 
to  the  problems  liis  tiileiit  for  mechanics  and  invention.  He  also  had 
at  hand  the  conclusions  of  msiny  contemporaries  who  were  witli  liim 
eagerly  seeking  for  a  hyi>otliesia  of  evolntion  not  embraced  itt  that  of 
naturiil  selection.  , 

As  Ciirly  as  1874  he  wrote  : 

I  think  I  have  discovered  a  law  which  offers  a  way  to  the  BolatJon  of  ' 
the  variations  of  forms  in  anJmallife.  Tbislaw  I  propose  to  call  thelawof 
the  dynamics  of  pbylogeny.  In  rending  over  Herbert  Spencer's  brilliant 
essay  on  I  be  circulation  of  sap  in  plants  and  the  formation  of  wood,  1 
saw  the  solution  of  the  problem.  Here  is  field  enough  for  a  Darwin. 
I  almost  shrink  from  the  task  when  I  consider  its  magnitude.  Cleavae« 
of  mnscnlar  liber;  the  processes  of  bone;  the  arrangement  of  the 
bony  layers  ;  the  i-hange  of  form  and  length  and  of  position  of  bony 
Itrocesses  ;  their  relations  as  a  whole  ;  their  relations  to  the  muscles; 
their  form,  arrangements,  etc.,  all  proclaim  a  common  law,  while  everf 
abnormality,  injury,  reparative  exi)edieut,  still  farther  Btrcngtbens  it  in 
my  mind,  and  is  the  only  thing  that  will  demonstrate  to  the  world  the 
truths  of  the  doctrines  of  unity  of  law  and  aniversal  evolution.  It 
«>mpIote8  1  )arwin'8  work  on  a  grander  scale  than  liarwin  ever  dreamed 
of.  It  still  further  declares  that  there  is  one  eternal  ever-active  cause, 
operating  in  lines  of  constant  and  matbemutical  precision.  If  Dr. 
Hangbton,  of  Cambridge,  can  demonstrate  the  mathematics  of  tbe 
bones  and  muscU's,  snrely  someone  else  can  study  the  dynamics  that 
creates  them. 

His  lirst  work  in  speculative  biology  was  an  attempt  to  esplain  by 
such  reasoning  a  law  of  reduction  of  digits  in  the  mammalia.'  In  the 
same  year  he  endeavored  to  establish  a  dynamical  theory  to  accoant 
for  the  nifHlilications  in  the  forms  of  tooth  strnctnre  and  to  correlate 
tliis  structure  with  the  shapes  of  the  lower  jaw  and  other  parts  of  the 
sknU.  Ill  the  following  year  be  discussed  the  mechanical  genesis, 
dej^eiieration,  and  coalescence  of  vertebral  centra  in  a  gigantic  extinct 
armadillo. 

He  developed  a  theory  on  the  origin  of  the  amnion  in  1886,  and  bi* 
explanation  of  the  different  tyi)e8  of  placentje  in  1887.  In  1S89  he 
defendeil  the  thesis  "that  the  segmentation  of  the  soft  rays  of  the  fin* 
of  fishes  are  simply  fVactures  due  to  flexures,  and  that  on  the  candal  ' 
Bn  they  possess  probably  the  same  direction  as  the  intermyomeric  Gft- 
sures,"*  Ryder's  bibliography  contains  fourteen  titles  of  papers  which 
illustrate  similiir  lines  of  reasoning. 

In  the  same  year  we  have  evidence  of  atlditions  to  his  methfMls,  for, 
while  keeping  to  the  lines  already  indicated,  he  added  others  of  a  differ- 
ent character,  and  sustained  by  broadly  contrasted  methods  of  expres- 
sion. Allusion  is  made  especially  to  his  studies  of  the  contractility  of 
prot<)plasni,  which  is  first  meniioued  in  his  paper  on  "The  fore  and 

'  Law  of  DiRital  Rrdnction,  Proo.  A.  N.  8.,  1877. 
■E.  D.  Copo,  Memorial  paiiiiililrt. 

Dcinz.SDv  Google 


BIOGRAPHICAL  SKETCH  OP  JOHN  ADAM  RTDEK.  683 

aft  poles,  the  axial  differentiation,  anfl  a  possible  anterior  aaiwory 

itpparatns   of  Volror  minor,"  and  in  liis  paper  on  ''The  arigiB  and 

meaniDg  of  sex."    These  pai>er«  began  a  series  whirh  (inclodml  in  Ibe 

bibliograplif  under  nninbera  174,  18A,  lOO,  and  191)  dealt  not  m>  mack 

vith  problems  iu  dyiiamicfl  as  with  the  old  vital  dnebinea.  »r.  an  wnald 

lie  expreasetl  in  mo<]eni  pbniM-,  nietaboliBm.    "The  ori^a  and  mrm^ 

iiig  of  sex"  appeared  in  the  Binla^cal  Bulletin,  Uniretaity  of  P«iu«yl- 

vania,  1889.     KxtenKions  of  opinion  were  printed  in  the  frnrefvlinp  >•( 

the  Academy,  1SS9,  and  in  the  American  Xatoralist,  IS^.  'lOL     He 

held  that  ovemntritinn  led  to  all  forms  of  sexoal  rvprodiKCMMi ;  that 

the  male  and  female   elements  are  rontraKted  in  tb«r  tead^-nry  to 

nnderjto  segmentation — the  female  element  having  lost  the  piTpr  to 

ODdergo  such  segmentation  spontaueoasly  (exre|rting  in  fartitt-n-stm- 

esae) — while  the  male  element  is  accompanied  by  an  iorrcaii^  ••(  •*? - 

mental  power.    •     •     •    "Sex  probably  aroHetiimDltai»mu*Iy  am!  i^aiV- 

pendentlf  in  both  female  and  male  as  soon  aa  oertain  r*-IN  nf  ^'l^trt  t 

^TOnps  became  overuonrishMl  and  incapable  of  farther  H^:mn.'^'.*m 

nnlesa  brought  into  contact  and  fuMd  with  the  atinole  mate  *-y^:j*' t. 

or  one  which  is  the  product  of  an  increaiv  of  ii^^wtn.iMx«^  pnvr 

vbich  is  transfeireil  to  tlie  female  element  in  tbe  a<-t  of  f*-r;  ../.**.•  ^.' 

Important  applications  were  made  of  tbe  hy|Mitb^>i«  to  'V-  *-"---y  «f 

TATiAtion,  the  evolution  of  sexnal  charartefK.  and,  a*  the  ^n-lyir  V  .*T>*i, 

a  consistent  and  simple  theory  of  inberitaoee  which  i«  in  Lkr7«-- 1  v-  -  i 

all  the  facts  of  reprodactiou.    At  this  time  be  wa*  in  a  t,*^  ^•y>>t^£ 

on  exaltation.     "  I  sat  up  late  la»t  night  after  the  vb  •>  't.  ■  z  ■*■  t^'tM 

aeroBs  my  mind  iu  an  instant,"  he  writes,  -and  di>l  aoc  -W^.  Irjc  tw* 

hoars  after  I  went  to  bed  becaoae  by  brain  waa  r<'£  •>':''  •  ■'■•^-im^. 

thinking  ont  detail  after  detail  of  my  hypotbefti^    •     •    •    «-«>  »■•: 

Schwann  mark  two  eras  in  tbe  history  of  hyi^tb^i.*.    f  * .  L'.  ^  :»rf  » 

third  if  1  live  to  complete  the  sketch  of  the  va-t  hyj*-'!^**.    •    •    • 

Hy  disappointments  vanish  into  the  ntteratn^  :t_>a<^  v&r^  t  - .  -  i  ^4 

vhat  it  has  been  possible  for  me  to  achieve." 

After  gnch  strong  oidence  of  his  belief  in  the  v*;-;^  */  •  ■  ..♦  -  \*r.r~  - 
ishardto  nndemtand  bow  be  practirally  droT>ped  ti^  •-.  ,^rf.  •>;  ■«• 
C[nent  to  the  dates  above  given,  I  have  tomt.  %tzif*  t^  f-^-tmu^  v.  -. 
nw  is  any  mention  made  of  tbe  matter  is  the  eMtnaf''*  V  i  «  w^-t  -xm 
have  appeared  since  bis  death. 

It  is  impossible  to  nnderataod  Bydrr'*  atti'wle  unvi  *"  •  x'  f-n 
vithont  regarding  bis  disbelief  in  the  "cah"  a-ial.j  *■.-»*.  w  "'*!•- 
mannism,  which  embraces  tbe  opinioax  that  ^^.-.'.TrA  ^■■j^r^'Tt  *:m 
not  be  transmitted,  and  that  a  portion  o(  ^^h  i^ra^.  •«  *  'ar*-Ml 
nni^banged  from  parent  to  oOspring.  tie  aa..!.  >.  »  •  fafnv  nn  «k. 
"The hypothesis  which  aasnwca  that  the  j^rm  j.'^toi*  ji  p-rrt^^^^i^ 
Bet  aside  in  order  to  render  it  DnBiMribU' *i-r. -he  •.-•nai'.'  '^ano-ik.  mrf 
therefore  imnmrtal,  is  baaed  opon  a  faii>!.u.  *^.:\i  rrnt  '.f  -.-^r-.r*'^ 
tJou  of  the  facts  of  morpbuk^y.*'    In  MfKuttt  ;.Lwv.  »..  ^.li.-'^it  *^- .-  ^«( 


686  UIOQRAPHICAL   SKETCH   OP   JOHN   ADAM    BTDER. 

hU  apparent  obstinacy  of  disxmtiition  as  a  child,  liiB  aversion  toe 
vork  at  Bcbool,  and  Iiis  independence  of  couvention,  botii  as  to  tl 
and  action,  in  matare  life. 

Some  time  prior  to  his  appointment  on  the  Fish  CommissiiHi,  Mr. 
W.  V.  McKean  invited  )iim  to  write  articles  on  natural  hiatuiy  for  tke 
Public  Iiedger.  But  Byder  could  not  overcome  a  distrnst  tiiat  bv 
essays  would  be  too  technical  for  popular  favor.  That  be  should  hsTt; 
declined  an  offer  apparently  so  advantageous  to  himself  at  a  tjine  whea 
be  needed  money  ia  ao  evidence  of  tbe  rigid  scmtiuy  to  which  be  sab- 
Jected  all  bi»  actions.  None  but  hia  most  intimate  friends  koev  of 
tbe  costu  he  otteu  paid  to  maintiun  bis  freedom  of  mental  action.  They 
wore  met  without  a  murmur.  Bat  in  their  payment  he  doubtless  drew 
largely  on  that  vital  energy  without  which  long  life  is  iroposeiMe^ 
Ilia  dearest  Mend  said  of  him :  "  His  self-sacrificing  devotion  cost  him 
his  life." 

But,  under  the  stern  repression  lay  a  childlike,  affectionate  natiiie. 
He  was  not  happy  unless  be  had  one  or  mora  of  his  family  with  bim; 
he  was  continually  writing  to  the  absent  ones.  His  domestic  letters 
contain  full  acconnts  of  how  be  lived,  whom  be  met,  and  of  his  eotbu- 
siam  for  liis  discoveries.  Those  who  knew  him  only  as  a  scientist  luwl 
but  little  conception  of  tbe  spirit  that  actuated  him.  His  work  was 
not  a  series  of  merely  intellectual  achievements,  but  back  of  it  all  Uy 
the  feeling  that  ho  was  bringing  something  bright  and  iuterestiog  from 
the  outside  world  to  adorn  the  home. 

His  affection  for  kin  extended  to  his  friends.  His  relations  with  Pro- 
fessor Itainl  were  almost  those  of  son.  His  anxiety  and  distress  at 
Professor  Uaird's  last  illness  found  expression  in  all  the  letters  be 
wrote  at  that  time.  As  is  common  with  such  natures,  bis  sense  of  jus- 
tice was  keen,  though  no  instance  can  be  shown  in  which  hts  indi^ma- 
iiation  was  not  excited  by  the  general  sense  of  wrong  implied  in  tbe 
situation  ratlier  than  by  any  personal  feeling. 

Dr.  lty<ler's  religions  training  was  that  of  the  strict  orthodox  ChristiaD 
faith  as  expressed  in  the  teachings  of  tbe  MeunouitCj^  Uispaternal 
grandmother,  who  directed  bis  education,  was  a  woman  of  deep  piety. 
For  the  faith  of  his  parents  he  always  entertained  the  profoundest 
resjiect,  and  at  least  toward  the  latter  part  of  bis  life  was  inclined  to 
return  to  it.  At  the  age  of  18  he  studied  the  Bible  closely;  aad, 
ever  afterwards,  no  matter  how  limited  his  traveling  effects,  a  copy  «f 
the  New  Testament  was  always  among  them.  Tboogh,  as  shown  bf 
his  letters,  he  departed  from  tbe  tenets  of  his  early  education,  one  can 
not  doubt  that  he  retained  all  tbe  force  of  a  severe  mental  and  moral 
discipline  that  such  teaching  implies.  He  was  faithful  in  friendship, 
singularly  frank  and  sincere  in  disposition,  and  disliked  violent  lan- 
guage, dispute,  or  criticism.  He  was  always  severe  to  himself,  but 
sacrificing  in  spirit  to  those  whom  he  loved. 

While  a  Jessup  Fund  student  he  became  a  devoted  listener  tn  tbe 
tev.  Mr.  Mangasariau,  au  Armenian  preacher,  who.  at  thak  ^iue,  held    . 
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a  pnlpit  in  a  Presbyterian  church  in  Philadelphia,  bat  whokftervanU 
beoune  a  leader  1q  an  independent  organizatiOD  allied  to  the  Society  of 
Ethical  Culture.  In  speaking  of  Hiuigasariaa  in  oneof  hla  letters.  Dr. 
Byder  uses  the  foUoviug  luiguage:  "He  bas  all  the  cbarm  of  the 
finished  orator,  combined  with  rationalum  and  advanced  eTolntion.^ 
Byder  greatly  admiretl  Emerson.  Ilespokeof  himas  "theaanest  aaii 
of  the  nineteeoth  centory."  In  writing  to  a  friend  who  was  in  mental 
diHtress,  he  advised  him  to  read  Emerson.  He  carried  his  admiratioD 
even  to  matters  of  scientific  import.  Jn  bis  lant  |iRper  he  rjnotes  froii 
tliis  writer  the  saying:  "To  a  sound  judgment  the  most  abstract  truth 
Ir  the  most  practical."  lie  was  much  influenced  by  the  teaebings  of  the 
Stoics.  ^'I  wonid  strongly  advise  yon,"  said  he  to  a  friend,  "lo  get 
hold  of  the  thougfats  of  Marcus  Anrelintt,  wheu  you  are  most  provoked 
or  vexed  in  spirit,  and  take  their  lessons  to  heart.  EpictetOM  will  du 
equally  well,  ooly  I  think  Harcns  is  calculated  to  bumble  and  cooteat 
a  man."  Hia  letters  contain  many  expressions  of  trust  in  an  Infinite 
Beneficence,  aiid  he  would  have  agreed  with  Epictetus  as  to  "Wbjiber 
dost  thou  tend  after  death,  that  is  to  nothing  dreadful,  but  to  a  place 
from  whence  thou  earnest,  to  things  fnendly  and  akin  to  thee.~ 

We  admire  Byder  not  so  much  for  what  be  accomplished  as  for  the 
indomitable  spirit  that  actuated  bim.  With  imperfect  etiuipment,  with 
engrossing  occnpation,  and — for  much  of  his  intellectual  life,  at  leaitt — 
with  impaired  health,  he  attempteil  the  solution  of  the  most  difficult 
problems.  It  is  not  for  us  to  consider  in  what  d^ree  be  succeeded. 
Hail  Bacon,  Franklin,  or  Darwin  died  at  13,  or  bad  their  days  been 
absorbed,  as  his  had  been,  in  cares  and  the  rontioe  of  task  work, 
bow  much  less  woold  have  been  their  achievements  I  It  is  enough  for 
OS  to  know  that  we  are  studying  in  BydeFs  life  phenomena  of  a  mind 
of  tbe  first  order,  and  that  we  have  lost  by  bis  death  one  of  tb«  Lriehlest 
of  the  group  of  workers  to  which  he  belonged. 
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